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FOREWORD 

This  o r d e r  p r e s e n t s  i n f o r m a t i o n  of a t e c h n i c a l  n a t u r e  t h a t  r e l a t e s  t o  s i t i n g  
c r i t e r i a ,  o p e r a t i o n a l  r e l i a b i l i t y  and a v a i l a b i l i t y  c o n s i d e r a t i o n s ,  t e c h n i c a l  f ac-  
t o r s  a f f e c t i n g  a i r - to-ground (a-g) communications a s s o c i a t e d  wi th  t e r m i n a l  and e n  
r o u t e  communica t i o p s  , and recomnenda t i o n s  £0 r s t a n d a r d i z a t i o n  of f u t u r e  commuuni- 
c a t i o n s  c o n f i g u r a t i o n s .  

Act ing D i r e c t o r ,  ~ r g ~ r a r n  E n g i n e e r i n g  
and Maintenance S e r v i c e  
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CHAPTER 1. GENERAL INFORMATION 

1. PUKPOSE. T h i s  o r d e r  i s  t o  be  used  as a supplement  t o  two a s s o c i a t e d  o r d e r s ,  
Orde r  , Termina l  Communications I n s t a l l a t i o n  S t a n d a r d s  Handbook, and  Orde r  

, En Rou te  Communicat ions I n s t a l l a t i o n  S t a n d a r d s  Handbook. 

2 .  DISTRIBUTION. T h i s  o r d e r  i s  d i s t r i b u t e d  t o  b ranch  ].eve]. i n  t h e  Program 
Eng inee r ing  and Main tenance  and  Sys tems E n g i n e e r i n g  S e r v i c e s  i n  Washington head- 
q u a r t e r s ;  t o  b ranch  ].eve]. i n  t h e  r e g i o n a l  Airway F a c i l i t i e s  d i v i s i o n s ;  t o  b ranch  
level .  i n  t h e  Airway E n g i n e e r i n g  S u p p o r t  D i v i s i o n  and FAA Academy a t  t h e  Aero- 
n a u t i c a l  C e n t e r ;  t o  b ranch  ].eve1 i n  t h e  E n g i n e e r i n g  Management S t a f f  and t h e  
A v i a t i o n  Faci1 . i  t ies  a n d  Data  E n g i n e e r i n g  and Deve!.opment D i v i s i o n s  a t  t h e  FAA 
T e c h n i c a l  C e n t e r ;  and  l i m i t e d  d i s t r i b u t i o n  t o  a1.l Airway F a c i l - i t i e s  s e c t o r s .  

3 .  SCOPE. T h i s  o r d e r  c o v e r s  t o p i c s  of  a t e c h n i c a l  n a t u r e  r e l a t i n g  t o  s i t i n g  
c r i t e r i a ,  r e l i a b i l i t - y  a n d  a v a i l a b i l i t y  c o n s i d e r a t i o n s ,  a n d  t e c h n i c a l .  f a c t o r s  
a f f e c t i n g  a i r - t o - g r o u n d  (a-g) communica t ions  a s s o c i a t e d  w i t h  t e rmina l .  and e n  r o u t e  
f a c i l i t i e s .  

4 .  SAFETY. P e r s o n n e l  s h a l l  be  c a u t i o u s  a t  a11 t i m e s  while  work ing  on equ ipmen t ,  
p a r t i c u l a r l y  where d a n g e r o u s l y  h i g h  v o l - t a g e s  a r e  empl.oyed, and  e s p e c i a l . l y  when 
i n s p e c t i o n  p l - a t e s  and  d u s t  c o v e r s  a r e  reinoved o r  a c c e s s  d o o r s  a re  opened e x p o s i n g  
i n t e r n a l  w i r i n g .  C o n t a c t  w i t h  a 1 , t e r n a t i n g  c u r r e n t  ( a c ) ,  d i r e c t  c u r r e n t  (dc.) ,  o r  
r a d i o  f r e q u e n c y  ( r f )  p o t e n t i a l s  c a n  resu1. t  i n  s e v e r e  s h o c k ,  b u r n s ,  o r  l o s s  of  
l i f e .  N a i n t e n a n c e  p e r s o n n e l  s h o u l d  f a m i l i a r i z e  t h e m s e l v e s  w i t h  t h e  t e c h n i q u e  f o r  
r e s u s c i t a t i o n  found i n  tile manual o f  f i r s t  a i d  i n s t r u c t i o n s .  A1 1 i n d i v i d u a l s  a r e  
e x p e c t e d  t o  be t h o r o u g h l y  f a m i l i a r  w i t h  g e n e r a l  s a f e t y  p r a c t i c e s  p r i o r  t o  working 
on  equipment  s o  as n o t  t o  e n d a n g e r  themsel .ves o r  o t h e r s .  I n  p a r t i c . u l . a r ,  o p e r a t -  
i n g  and ma in tenance  p e r s o n n e l  a r e  d i r e c t e d  t o  t h e  1 - a t e s t  e d i t i o n s  o f  FAA Orde r  
6UOU. 15, Genera l  Ma in tenance  Handbook of  Airway F a c i l - i t i e s ,  and  t h e  3900 S e r i e s  
f o r  s a f e t y  p r e c a u t i o n s  t o  be  o b s e r v e d .  I g n o r a n c e  and ca re1 . e s sness  a r e  t h e  p re -  
dominant  f a c t o r s  i n v o l v e d  i n  most a c c i d e n t s .  PARTICULAR ATTENTION SHUL BE G I V E N  
TO THE PROPER USE OF THE GROUNDING CABLE P R I O R  TO W O K K I N G  O N  HIGH-VOLTAGE CIKCUITS. 
KOTE T M T  UtiDER CgUAII< CONDITIONS, DANGEROUS POTENTIALS EXIST I N  CIKCUITS WITH 
POWER CONTROLS I N  THE OFF POSITION BECAUSE OF CHARGES RETAINED BY CAPACITORS. TO 
A V O I D  CASUALTIES, ALWAYS K D l O V E  POWEK, THEN DISCHARGE AND GROUND BY USE OF A 
GROUNDING ROD P R I O R  TO TOUCHING ANY PARTS. 

5. WAIVElG. R e f e r  t o  t h e  l a t e s t  e d i t i o n  o f  Orde r  6000.20, Waiver  o f  C r i t e r i a  f o r  
Es tabl - i shment  and  Main tenance  of  Airway F a c i l i t i e s ,  f o r  c u r r e n t  p o l i c y  and i n s t r u c -  
t i o n s  c o n c e r n i n g  i n a b i l i t y  t o  meet p r e s c r i b e d  s t a n d a r d s ,  a n d / o r  o p e r a t i n g  o r  con- 
t i n u i n g  t o  o p e r a t e  n o n s t a n d a r d  f a c i l i t i e s .  

6.-8. RESEKVEL). 

Chap 1 
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CHAPTER 2. SITING CRITERIA 

9. GENERAL. T h i s  s e c t i o n  r e v i e w s  t h e  a c t i o n s  which must be  c o n s i d e r e d  by FAA 
f i e l d  e n g i n e e r s ,  p l a n n e r s ,  a n d  i m p l e m e n t a t i o n  p e r s o n n e l  when s e l e c t i n g  a p roposed  
l o c a t i o n  f o r  a new a i r p o r t  t r a f f i c  c o n t r o l  t o w e r  (ATCT), a r emote  t r a n s m i t t e r  
s i t e ,  a r emote  r e c e i v e r  s i t e ,  a combined r emote  t r a n s m i t t e r - r e c e i v e r  (RTR) 
s i te ,  o r  a  remte c e n t e r  a i r - to -g round  (RCAG) s i t e .  

10. SYSTDI CONFIGURATION. 

a .  To p r o v i d e  r e q u i r e d  area c o v e r a g e s  and  t o  minimize t r a n s m i t t e r  i n t e r -  
modu la t ion  ( im) i n t e r f e r e n c e  and r e c e i v e r  d e s e n s i t i z a t i o n  e f f e c t s ,  t r a n s m i t t e r  
a n d / o r  r e c e i v e r  equipment  a s s o c i a t e d  w i t h  t e r m i n a l  and e n  r o u t e  a-g comrnunications 
may have  t o  be r e m o t e l y  l o c a t e d  from t h e  ATCT o r  a i r  r o u t e  t r a f f i c  c o n t r o l  c e n t e r  
(ARTCC). I n  g e n e r a l ,  t h e  t h r e e  c a t e g o r i e s  of a i r p o r t  c o n t r o l  towers  a r e  non- 
a p p r o a c h ,  n o n r a d a r  a p p r o a c h ,  and  r a d a r  a p p r o a c h .  Each c a t e g o r y  u t i l i z e s  a p a r t i c -  
u l a r  con£ i g u r a t i o n  f o r  a r emote  f a c i l i t y ,  i f  one  is r e q u i r e d ,  as d o e s  t h e  AXTCC. 
A t  r a d a r  app roach  c o n t r o l  t o w e r s  where t h e  a c t i v i t y  l e v e l  is  q u i t e  h i g h ,  as many 
as t h r e e  r emote  s i tes may b e  r e q u i r e d  t o  p r e v e n t  i n t e r f e r e n c e  e f f e c t s .  The mini- 
mum d i s t a n c e  r e q u i r e d  be tween r e m o t e  s i t es  t o  minimize  i m  i n t e r f e r e n c e  e f f e c t s  i s  
1 ,500  f e e t ;  t h e  minimum d i s t a n c e  be tween t r a n s m i t  and r e c e i v e  a n t e n n a s  t o  p r e v e n t  
r e c e i v e r  d e s e n s i t i z a t i o n  i s  80 f e e t .  Rernote s i t e s  a s s o c i a t e d  w i t h  c o n t r o l  t owers  
are u s u a l l y  l o c a t e d  a t  o r  n e a r  t h e  a i r p o r t  t h e y  s e r v e  and are l i n k e d  t o  t h e  ATCT 
by means of v o i c e  f r e q u e n c y  ( v f )  c a b l e s  o r  v e r y  h i g h  f r e q u e n c y  ( v h f )  t e r m i n a l  
l i n k s .  While t h e  above  g u i d e l i n e s  r e p r e s e n t  optimum c o n d i t i o n s ,  economica l  
c o n s i d e r a t i o n s  must  n o t  be i g n o r e d .  I n  a n  e f f o r t  t o  r e d u c e  c o s t s ,  t h e  N a t i o n a l  
A i r s p a c e  System P l a n  (NASP) c a l l s  f o r  f u t u r e  c o n s o l i d a t i o n  of s i tes .  For  a more 
d e t a i l e d  d i s c u s s i o n  on g o a l s  t o  h e  a c h i e v e d ,  r e f e r  t o  t h e  NASP. 

1 An RCAG, which i s  s i m i l a r  t o  a n  RTK ( t r a n s m i t t e r s  and r e c e i v e r s  a r e  
c o l l o c a t e d ) ,  is u s u a l l y  l o c a t e d  many m i l e s  f rom i t s  c o n t r o l l i n g  c e n t e r s  and i s  
l i n k e d  t o  t h e  ARTCC by l e a s e d  T e l c o  l i n e s  o r  r a d a r  microwave l i n k .  Both t e c h n i c a l  
and economic f a c t o r s  must be  c o n s i d e r e d  when d e t e r m i n i n g  s u i t a b l e  l o c a t i o n s  f o r  
t h e s e  d i f f e r e n t  r emote  s i t e s .  

11. SITE SURVEY. A f t e r  t h e  pe r fo rmance  and o p e r a t i o n a l  p a r a m e t e r s  of a c a n d i d a t e  
ATCT o r  r emote  s i t e  h a v e  been  d e f i n e d ,  t h e  problem of g e o g r a p h i c a l l y  l o c a t i n g  t h e s e  
s i t e s  must be d e t e r m i n e d .  P r e l i m i n a r y  s t u d i e s  c a n  u s u a l l y  be  made from maps, b u t  a  
f i n a l  s i t e  s e l e c t i o n  must be  made f rom more d e t a i l e d  i n f o r m a t i o n  g a t h e r e d  from a 
f i e l d  s u r v e y .  

a .  Maps. A c c u r a t e  t o p o g r a p h i c  maps are  a v a i l a b l e  f o r  many a r e a s  of t h e  
Un i t ed  S t a t e s  from t h e  U.S. G e o l o g i c a l  Survey o f f  i c e s .  Tnese  maps p r o v i d e  d e t a i l e d  
t e r r a i n  i n f o r m a t i o n  e s s e n t i a l  t o  any  r a d i o  s i t e  s e l e c t i o n  p r o c e s s .  A e r o n a u t i c a l  
c h a r t s  and a i r p o r t  s i t e  p l a n s  are a l s o  u s e f u l  as a s o u r c e  of i n f o r m a t i o n .  County 
highway maps, a v a i l a b  Le i n  many a r e a s ,  s e ldom g i v e  any d e t a i l e d  e l e v a t i o n  i n f o r n a -  
t i o n  hu t  a r e  u s e f u l  i n  2 l a n n i n g  s u r v e y  t r i p s  and f o r  s i t e  a c c e s s i b i l i t y  s t u d i e s .  
These  maps a r e  u s u a l l y  up t o  d a t e  and  c o n t a i n  d e t a i l e d  i n f o r m a t i o n  on r o a d s ,  b u i l d -  
i n g s ,  b r i d g e s ,  and o t h e r  s t r u c t u r e s .  The maps s h o u l d  be  a n a l y z e d  and s e a r c h e d  f o r  
l o c a t i o n s  from which  c o m p l e t e ,  u n o b s t r u c t e d  cove rage  a p p e a r s  p o s s i b l e .  
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b.  F i e l d  Survey.  The pu rpose  of t h e  f i e l d  s u r v e y  i s  t o  v i s i t  t h e  p o t e n t i a l  
s i tes  and t o  v e r i f y  t h e  p r e l i m i n a r y  d a t a .  O f t e n ,  t h e  c l e a r a n c e  of  t h e  r a d i o  p a t h s  
c a n  be  v e r i f i e d  by  v i s u a l  s i g h t i n g  w i t h  a p a i r  of f i e l d  g l a s s e s .  Assuming a 
75-foot  tower  h e i g h t ,  t h e  a n t e n n a  must b e  h i g h  enough o r  l o c a t e d  i n  such  a manner 
as t o  p r o v i d e  a n  u n o b s t r u c t e d  p r o p a g a t i o n  p a t h  down t o  a n  e l e v a t i o n  a n g l e  of 
2 d e g r e e s  above  t h e  h o r i z o n t a l  p l a n e  of t h e  a n t e n n a .  F u t u r e  v e g e t a t i o n  growth must 
b e  c o n s i d e r e d .  T h i s  a n g l e  can  e a s i l y  be  measured w i t h  a t r a n s i t ,  o n l y  i f  t h e  t r a n -  
s i t  is  a t  t h e  same e l e v a t i o n  as t h e  proposed  a n t e n n a .  O the rwise ,  i t  must be  est i -  
mated b a s e d  on t h e  measured a n g l e  ( e s t i m a t e d  o r  s c a l e d  on  a map) t o  t h e  o b s t r u c t i o n .  
( A c c e p t a b i l i t y  of 2  d e g r e e s  s h i e l d i n g  may v a r y  wi t11  c o v e r a g e  r e q u i r e m e n t s .  This  
s h i e l d i n g  shadow w i l l  he  a p p r o x i m a t e l y  6 ,000  f e e t  above  t h e  s i t e  a t  30 n a u t i c a l  
m i l e s . )  I n  t h e  c a s e  of r e m t e  t r a n s n i t t e r ,  r emote  r e c e i v e r ,  and remote t r a n s -  
m i t t e r - r e c e i v e r  s i t e s ,  a  c l e a n  l i n e - o f - s i g h t  (10s )  p a t h  must a l s o  e x i s t  between 
t h e  a n t e n n a  and a l l  t a x i w a y s ,  ramps,  and runways.  I f  u n o b s t r u c t i v e  l ine-of  - s i g h t  
p a t h s  c a n n o t  be met due t o  s u r r o u n d i n g  s t r u c t u r e s ,  v e r i f i c a t i o n  of r e q u i r e d  
c o v e r a g e  by r a d i o  check  is  a c c e p t a b l e .  Dur ing  t h e s e  f i e l d  s u r v e y s ,  a  c o n s i d e r a b l e  
amount of i n f o r m a t i o n  s h o u l d  be  g a t h e r e d  a b o u t  e a c h  p roposed  s i t e .  T h i s  informa- 
t i o n  i s  n e c e s s a r y  t o  p r o p e r l y  e v a l u a t e  t h e  r e l a t i v e  merits of e a c h  s i t e  and t o  
p l a n  f o r  s i t e  development when a  f i n a l  c h o i c e  h a s  been  made. A s  a minimum, t h e  
f o l l o w i n g  i n f o r m a t i o n  must be g a t h e r e d :  

( 1 )  L o c a t i o n .  By l a t i t u d e  and l o n g i t u d e ,  word d e s c r i p t i o n ,  and a c c e s s  
r o u t e .  For t e r m i n a l  f a c i l i t i e s ,  s i t e  L o c a t i o n  s h o u l d  be g i v e n  r e l a t i v e  t o  a n  
a i r p o r t  m a s t e r  p l a n .  

(2)  A c c e s s i b i l i t y .  Type and l e n g t h  of a c c e s s  road  r e q u i r e d ;  d i s t a n c e  
f  ran n e a r e s t  highway and c o n d i t i o n  of e x i s t i n g  r o a d s .  

(3) Power. Determine a v a i l a b i l i t y ,  adequacy ,  and  r e l i a b i l i t y  of a c  
power . 

( 4 )  A i r p o r t s .  D i s t a n c e  and d i r e c t  i o n  t o  n e a r e s t  a i r p o r t  f o r  cons cruc-  -- 
t i o n  p e r m i t s  and runway cLearance  p l a n e s  ( t r a n s i t i o n  s l o p e s ) .  

(5)  Area.  Amount of Land a v a i l a b l e  f o r  b u i l d i n g  and tower c o n s t r u c t i o n .  

( 6 )  Right-of-Way. A v a i l a b i l i t y  of l a n d  and r ight-of-way.  

( 7 )  -- C l e a r i n g .  Amount of c l e a r i n g  r e q u i r e d  b e f o r e  t h e  s i t e  can  be 
deve loped .  

(8) S o i l .  Type of s o i l  on  which t h e  b u i l d i n g  and towers  wil l .  b e  b u i l t ;  
a s o i l  c o n d u c t i v i t y  t e s t  shou ld  be per formed t o  d e t e r n i n e  g round ing  r e q u i r e m e n t s .  

( 9 )  E x i s t i n g  S t r u c t u r e s .  D e s c r i p t i o n  of any  e x i s t i n g  FAA b u i l d i n g  o r  
t owers  t h a t  may be used f o r  t h e  new s t a t i o n .  

(10 )  O b s t r u c t i o n s .  Types of l o c a l  o b s t r u c t i o n s  and tower  h e i g h t s  
r e q u i r e d  t o  p r o v i d e  l o c a l  c l e a r a n c e s .  

(11) ' dea the r .  u n u s u a l  w e a t h e r  c o n d i t i o n s  t o  be  expec ted  i n  t h e  a r e a ,  
i n c l u d i n g  amount of snow and i c e  accuvnuia t ions  and maximum e x p e c t e d  wind v e l o c i t i e s .  
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(12)  Tempera ture .  H i g h e s t  and  l o w e s t  t e m p e r a t u r e s  t o  be  expec t ed  s o  t h a t  
p r o p e r  h e a t i n g  and v e n t i l a t i o n  c a n  b e  p r o v i d e d .  

(13)  I n t e r f e r e n c e .  D e s c r i p t i o n  a n d  d i s t a n c e  t o  any  commerc ia l  o r  FAA 
f a c i l i t y  t h a t  c o u l d  c a u s e  i n t e r f e r e n c e ,  o r  b e  a f f e c t e d  i t s e l f  by  a proposed  i n s t a l -  
l a t i o n .  As a  r u l e ,  t h e  proposed  s i t e  s h o u l d  b e  a minimum of 1 ,500  f e e t  f rom a n y  
e x i s t i n g  o r  proposed  r a d i o  o r  r a d a r  f a c i l i t y  and  a minimum of 10 ,000  f e e t  f rom 
b r o a d c a s t  s t a t i o n s  w i t h  up t o  500  w a t t s  of r f  power. Above 500  w a t t s ,  c o o r d i n a t e  
w i t h  r e g i o n a l  Frequency Hanagement S t a f f  f o r  minimum s e p a r a t i o n  r e q u i r e m e n t .  

( 14 )  T r a f f i c  P a t t e r n s .  Drawings s h o u l d  b e  made showing a i r b o r n e  t r a f  Eic  
p a t t e r n s  and  ground p a t t e r n s ,  i f  t h e y  a r e  s i g n i f i c a n t .  

( 15 )  Economics. -412 economic e v a l u a t i o n  of t h e  s i t e  s i lould be  p r e p a r e u ,  
i n c l u d i n g  e s t i m a t e d  c o s t  of s t r u c t u r e ,  s i t e  p r e p a r a t i o n ,  a c c e s s  r o a d ,  e x t e n s i o n  of  
f a c i l i t i e s ,  e t c .  

( 16 )  Env i ronmen ta l  Impact .  Depending on  t h e  l o c a t i o n  of t h e  proposed  
s i t e  (Government p r o p e r t y ,  i n d u s t r i a l  area,  e t c . ) ,  t h e  impac t  of t h e  f a c i l i t y  o n  
t h e  env i ronmen t  must be c o n s i d e r e d .  Of p a r t i c u l a r  i n t e r e s t  are t h e  e f f e c t s  of t h e  
f a c i l i t y  on l o c a l  a r e a ,  n a t u r a l  e n v i r o n m e n t ,  and  a e s t h e t i c s  of t h e  s u r r o u n d i n g  a r e a .  

(17)  'Telco S e r v i c e .  A v a i l a b i l i t y  and a d e q u a c y  t o  meet  immediate  and 
f  o r e s e e a b  le r e q u i r e m e n t s  . 

(18)  0wners:li.p of Land. Ownersh ip ,  c o n t r o l ,  and  a v a i l a b i l i t y  of a  po t en -  
t i a l  s i t e  s h o u l d  Se i n v e s t i g a t e d  as w e l l  as r i g h t s - o f - w a y ,  l a n d  a c q u i s i t i o n ,  r i g h t -  
of - e n t r y ,  t i t l e ,  Leaqe a r r a n g e m e n t s ,  l e t t e r s  of p e r m i s s i o n ,  n e g o t i a t i o n s  w i t h  o t h e r  
Government a g e n c i e s ,  e t c .  

( 19 )  Water  and  S a n i t a t i o n  F a c i l i t i e s .  30s t comrnunicat ions s i tes  do n o t  
q u a l i f y  f o r  s a n i t a t i o n  f a c i l i t i e s .  FAA c r i t e r i a  f o r  t h e  a u t h o r i z a t i o n ,  s e l e c t i o n ,  
a n d  i n s t a l l a t i o n  of s a q i t a r y  s y s t e m s  a r e  c o n t a i n e d  i n  t h e  l a tes t  e d i t i o n  of O r d e r  
6960.1, S a n i t a r y  Systerrs i n  FAA F a c i l i t i e s .  

( 2 0 )  Panoramic Pho tos  . Panoramic  p h o t o g r a p h s  c o v e r i n g  360 d e g r e e s  of 
a z i m u t h  may be t a k e n  from t h e  s i t e  t o  s t u d y  p r o p o s e d  s i tes .  A p p r o p r i a t e  e l e v a t i o n  
a n d  a z i m u t h  markings  sl:louLd be  added  t o  t h e  p h o t o g r a p h s .  Panoramic pho tos  are n o t  
g e n e r a l l y  r e q u i r e d  f o r  e s t a b l i s h m e n t  of  a  communica t ions  f a c i l i t y .  A h o r i z o n  p ro -  
f i l e  t a k e n  w i t h  a t r a n s i t  p l u s  p h o t o g r a p h s  s h o t  a c r o s s  t h e  s i t e  i n  a l l  d i r e c t i o n s  
are  g e n e r a l l y  a d e q u a t e .  

( 21 )  Hor izon  P r o f i l e .  H o r i z o n  p r o f i l e  d a t a  are r e q u i r e d  t o  d e t e r m i n e  t h e  
r a d i o  10s r a n g e  i n  d i f f e r e n t  a z i m u t h s .  T h i s  i n f o r m a t i o n  is  n o r m a l l y  p rov ided  as 
p a r t  of a  computer ized  c o v e r a g e  p l o t  a v a i l a b  l e  t h r o u g h  t h e  r e g i o n a l  o r  V a s h i n g t o n ,  
D . C . ,  f r e q u e n c y  inaaagG?ent o f f  ice. 

( 2 2 )  C o n t r o l  Cab le s .  A v a i l a b i l i t y  of FAA-owned c o n t r o l  c a b l e s  i n  t h e  
v i c i n i t y  of t h e  proposed  s i t e  s h o u l d  b e  i n v e s t i g a t e d .  

c .  Survey  Data .  - Based on t h e  map and  f i e l d  s t u d i e s ,  t h e  s u r v e y  d a t a  s h o u l d  
b e  f  i n a l - i z e d  a n 3  ~ m i n r a i n e c !  on r e c o r d  i n  t h e  r e g i o n .  
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12. SITE SELECTION. T e c h n i c a l  f a c t o r s  i n v o l v e d  i n  s e l e c t i n g  a r emote  s i t e  are 
t h o r o u g h l y  cove red  i n  c h a p t e r  5. Economic f a c t o r s  s u c h  as p r o x i m i t y  t o  main 
h ighways ,  a v a i l a b i l i t y  of commercial  u t i l i t i e s ,  and  s i t e  p r e p a r a t i o n  expenses  c a n  
b e  de t e rmined  from t h e  s u r v e y  r e p o r t .  U s u a l l y  a t r a d e  o f f  i s  i n v o l v e d  be tween 
t e c h n i c a l  and economic f a c t o r s .  A l l  p e r t i n e n t  f a c t o r s  must  be  weighted  and eva lu -  
a t e d  Eor t h e  d i f f e r e n t  l o c a t i o n s  s t u d i e d .  

13. SITE LAYOUT. I n  l a y i n g  o u t  a  r emote  s i t e ,  t h e  equipment b u i l d i n g  i s  u s u a l l y  
l o c a t e d  a t  t h e  midd le  of t h e  p r o p e r t y  and a n t e n n a  towers  a r e  l o c a t e d  a round  t h e  
b u i l d i n g ,  as d e p i c t e d  i n  f i g u r e  2-1. T h i s  l a y o u t  maximizes t h e  s p a c i n g  be tween 
towers  and minimizes  t r a n s m i s s i o n  l i n e  l e n g t h s .  The approx ima te  a r e a  r e q u i r e d  f o r  
a  t y p i c a l  s i t e  i s  120 by 120 f e e t .  S t a n d a r d  s i t e  l a y o u t s  a r e  shown on drawing 
s e r i e s  D-6061, D-6068, D-6069, and proposed  s e r i e s  D-6188. 

F I G U R E  2-1. TYPICAL KMOTE SITE LAYOUT 

LC:). l -- - 
./, ~ ,.... " A  ',.*.~.$ 
. Iml.t...' I.... L _ W' ...5t...+ 

14. _4,r\r'TENNA TOWERS. Towers c u r r e n t l y  u t i .L ized  by  t h e  FAA a r e  s e l f - s u p p o r t i n g  o r  
guyed s t e e l  s t r u c t u r e s  t h a t  ?lave a  hexagona l  p l a t f o r m  a t  t h e  top f o r  mounting and 
s e r v i c i n g  a n t e n n a s .  

15. ANTENN.4S. Antenna c r i t e r i a  were  based  on  t h e  u s e  and  compar ison  of e x i s t i n g  
vhf!u l t ra  h i g h  f r e q u e n c y  ( u h f )  t r a n s m i t  and r e c e i v e  a n t e n n a s  and t h e  a p p l i c a t i o n  
of a  new s t a n d a r d  a n t e n n a  f o r  b o t h  vhf and u'nf f r e q u e n c i e s .  The new s t a n d a r d  
a n t e n n a s  employ half-xave, V e r t i c a l l y  g o i a r i z e d ,  o m n i d i r e c t i o n a l  d i p o l e s  e n c l o s e d  
i n  f i b e  rg i a s  s radornes . 
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a. Old S t a n d a r d  Antennas.  

Antenna  a n a l y s i s  was based  on  p r e s e n t  FAA p r a c t i c e  of u s i n g  vhf v e r t i -  
c a l l y  p o l a r i z e d  c o a x i a l  a n t e n n a s  f o r  receive and vhf c i r c u l a r l y  p o l a r i z e d  s w a s t i k a  
a n t e n n a s  f o r  t r a n s m i t .  The v e r t i c a l l y  p o l a r i z e d  o m n i d i r e c t i o n a l  broadband d i s c o n e  
a n t e n n a  w a s  u sed  f o r  b o t h  t r a n s m i t  and  r e c e i v e  uhf f r e q u e n c i e s .  Although t h e  
s w a s t i k a  a n t e n n a  is c u r r e n t l y  i n  u s e ,  i t s  u t i l i z a t i o n  w i l l  b e  d i s c o n t i n u e d  a s  t h e  
new a n t e n n a s  become a v a i l a b l e .  Tne o l d  s t a n d a r d  t y p e  of  a n t e n n a s  does  n o t  p r o v i d e  
t h e  most e f f i c i e n t  a n t e n n a  p a t t e r n  and ,  c o n s e q u e n t l y ,  t h e  new s t a n d a r d  type  of 
a n t e n n a s  was c o n s i d e r e d  f o r  f a c i l i t i e s  s e r v i n g  d o m e s t i c  f l i g h t s .  F u t u r e  procure-  
men t s  of t h e  o l d  s t a n d a r d  c o a x i a l  d i p o l e s ,  s w a s t i k a s ,  a n d  d i s c o n e s  a r e  n o t  p l anned .  

b. New S t a n d a r d  Antennas.  - 

( 1 )  T h e r e  is a  s i g n i f i c a n t  y e a r l y  i n c r e a s e  i n  corn~nunica t ion  c!lannel 
r e q u i r e m e n t s .  I n  o r d e r  t o  minimize  i n t e r f e r e n c e  and  a l l o w  more e f f i c i e n t  u s e  of 
a v a i l a b l e  f r e q u e n c y  spec t rum,  a  power r e d u c t i o n  program was i n s t i t u t e d  i n  A p r i l  
1975 (Order  6610.3,  Power Output  L i m i t a t i o n :  FSS, T e r m i n a l  and  Low-Alt i tude En 
Route  VHF a n d  UHF T r a n s m i t t e r s ) .  T h i s  a c t i o n  made t h e  u s e  of more e f f i c i e n t  
a n t e n n a s  h i g h l y  d e s i r a b l e  and l e d  t o  t h e  s e l e c t i o n  of t h e  new s t a n d a r d  a n t e n n a s .  
The new s t a n d a r d  a n t e n n a s  come i n  s i n g l e  vhf  and  uhf c o n f i g u r a t i o n s ,  and i n  u h f /  
uhf , vhf / v h f ,  and vhf /uhf c o n f i g u r a t i o n s  a r r a n g e d  i n  c o l l i n e a r  manner. Each d r p o l e  
w i t h i n  a  s t a c k e d  v e r s i o n  is  o p e r a t e d  i n d e p e n d e n t l y  w i t h  a h i g h  d e g r e e  of i s o l a t i o n .  
The a n t e n n a s '  e l e c t r i c a l ,  m e c h a n i c a l ,  and  i n s t a l l a t i o n  c h a r a c t e r i s t i c s  a r e  adap t -  
a b l e  t o  e x i s t i n g  and f u t u r e  FLY f a c i l i t y  a p p l i c a t i o n s .  The a n t e n n a s  a r e  p r e s e n t l y  
a v a i l a b l e  f rom s e v e r a l  s o u r c e s  and c u r r e n t l y  a re  b e i n g  p r o c u r e d  by Washington 
h e a d q u a r t e r s  from T e c h n i c a l  A p p l i a n c e  C o r p o r a t i o n  (TACO), She rburne ,  N.Y. , and 
DHV I n c o r p o r a t e d ,  M i n e r a l  W e l l s ,  Texas .  C u r r e n t l y ,  two g a i n  a n t e n n a s  a r e  b e i n g  
p r o c u r e d  a s  s t a n d a r d  a n t e n n a s .  A c o l l i n e a r  , o m n i d i r e c t i o n a l  a n t e n n a  i s  a v a i l a b l e  
f o r  vhf u s e  and o f f e r s  a p p r o x i m a t e l y  4 dXi g a i n  a c c o r d i n g  t o  t h e  manufac tu re r .  A 
d i r e c t i o n a l  vhf  Yagi t ype  a n t e n n a  i s  a l s o  a v a i l a b l e  which p r o v i d e s  10 dRi g a i n .  
Both a n t e n n a s  have  a p p l i c a t i o n  when s o l v i n g  c o v e r a g e  problems.  

( 2 )  'The power r e d u c t i o n  program, men t ioned  above ,  was i n s t i t u t e d  f o r  
vhf and uhf t r a n s m i t t e r s  i n s t a l l e d  i n  f l i g h t  s e r v i c e  s t a t i o n s  (FSS),  t e r m i n a l s ,  and 
l o w - a l t i t u d e  e n  r o u t e  f a c i l i t i e s .  Ten-watt  power o u t p u t s  a r e  t o  be used f o r  a l l  
a p p l i c a t i o n s  e x c e p t  where: ( a )  r e q u i r e d  c o v e r a g e  c a n n o t  be a t t a i n e d ,  (b)  when 
s e r v i n g  a h i g h - a l t i t u d e  s e c t o r ,  o r  ( c )  where  t h e  r a d i u s  of s e r v i c e  volume exceeds  
60  n a u t i c a l  m i l e s .  a p p r o v a l s  a r e  r e q u i r e d  f o r  h i g h e r  o u t p u t s ,  u n l e s s  
s e r v i n g  h i g h - a l t i t u d e  s e c t o r s  o r  s e r v i c e  volumes e x c e e d i n g  60 n a u t i c a l  m i l e s .  
F i f t y - w a t t  a m p l i f i e r s  a r e  i n  t h e  FAA d e p o t  s t o c k  t o  s u p p o r t  c o v e r a g e  a s  r e q u i r e d .  
T h i s  o r d e r  is c u r r e n t  and c o n t i n u e s  t o  be  FAA p o l i c y  r e g a r d i n g  o u t p u t  power. 

( 3 )  S i g h - a l t i t u d e  e n  r o u t e  f a c i l i t i e s  are  n o t  a f f e c t e d  by t h e  power 
r e d u c t i o n  program. F i f t y - w a t t  o u t p u t s  a re  p e r m i s s i b l e ,  and  indeed  expec ted  by t h e  
A i r  T r a f f i c  S e r v i c e .  However, where s e c t o r s  are  s m a l l  and  s a t i s f a c t o r y  c o v e r z g e  
c a n  be p r o v i d e d ,  t h e r e  i s  no o b j e c t i o n  t o  t h e  u s e  of 10-watt  power. A s  i n  t h e  
p a s t ,  i t  i s  incumbent  upon t h e  A i r  T r a f f i c  S e r v i c e  t o  c o o r d i n a t e  a n t i c i p a t e d  
changes  i n  s e c t o r  b o u n d a r i e s  w i t h  t h e  Program E n g i n e e r i n g  and N a i n t e n a n c e  S e r v i c e .  
The impor t ance  of t h i s  c o o r d i n a t i o n  i s  m a g n i f i e d  where 10-watt ?ove r  i s  c ~ ~ r r e n t l y  
u s e d ,  and  50  w a t t s  d i c t a t e d  by  new b o u n d a r i e s .  
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16. ANTENNA SPACING AND FREQUENCY SEPARATION. 

a.  Maximum p r a c t i c a l  s e p a r a t i o n s  s h o u l d  be  p rov ided  between a n t e n n a s  t o  
minimize p o s s i b l e  i n t e r f  e r e n c e .  The e l i m i n a t i o n  of t r a n s m i t t e r  i n t e r m o d u l a t i o n  ( i m )  
i n t e r f e r e n c e  u s u a l l y  w i l l  r e q u i r e  a g r e a t e r  a n t e n n a  s e p a r a t i o n  t h a n  t h a t  n e c e s s a r y  
t o  e l i m i n a t e  r e c e i v e r  i m  i n t e r f e r e n c e .  I n  some c a s e s ,  f e r r i t e  i s o l a t o r s  may be 
r e q u i r e d  t o  r e d u c e  t r a n s m i t t e r  i m  i n t e r f e r e n c e  and t o  pe rmi t  c l o s e r  s p a c i n g  of  
t r a n s m i t  and r e c e i v e  a n t e n n a s .  

b.  The f o l l o w i n g  g u i d e l i n e s  s h o u l d  be adhe red  t o :  

( 1 )  Spac ing  between two r emote  t r a n s m i t t e r  s i tes ,  between a remote 
t r a n s m i t t e r  and remote  r e c e i v e r  s i t e ,  o r  be tween two remote t r a n s m i t t e r - r e c e i v e r  
s i t e s  s h a l l  be a  minimum of 1 ,500 f e e t .  

( 2 )  Idhere a d j a c e n t  c h a n n e l  f r e q u e n c i e s ,  d i f f e r i n g  by 1  MHz o r  less, are 
t o  be  c o l l o c a t e d  a t  t h e  same remote s i t e ,  t h e  a s s o c i a t e d  t r a n s m i t t i n g  a n t e n n a s  s h a l l  
be mounted on s t r u c t u r e s  s e p a r a t e d  by  a t  least  SO f e e t .  Wherever p o s s i b l e ,  a n t e n n a s  
l o c a t e d  80 f e e t  from a n  ATCT s h a l l  b e  i n s t a l l e d  a t  a n  e l e v a t i o n  as n e a r  a s  p o s s i b l e  
t o  t h o s e  mounted on t h e  roof of a n  ATCT, e n s u r i n g  t h a t  t h e  v i s i o n  of t h e  c o n t r o l l e r  
is n o t  o b s t r u c t e d .  

( 3 )  Antenna s u p p o r t  s t r u c t u r e s  s h a l l  p r o v i d e  a t  L e a s t  8 f e e t  of s e p a r a -  
t i o n  between a n t e n n a s .  

( 4 )  Not more t h a n  s i x  a n t e n n a s  s h a l l  he  Located on t h e  same tower o r  i n  
any  group of a n t e n n a s .  

( 5 )  Xeceive a n t e n n a s  a r e  n o t  n o r m a l l y  Located on 
t h e  same group w i t h  t r a n s a i  t a n t e n n a s .  However, i n  s p e c i a l  
tower  is  i n s t a l l e d ,  i t  nay be n e c e s s a r y  t o  i n s t a l l  t r a n s m i t  
on t h e  s a n e  tower .  

( 6 )  iu'here a d j a c e n t  vhf o r  uhf f r e q u e n c i e s  d i f f e r  

t h e  same tower o r  i n  
c a s e s  where o n l y  o n e  
and r e c e i v e  a u t e n n a s  

by 1 llHz o r  Less, t h e  
a s s o c i a t e d  t r a n s m i t  a n t e n n a s  s h a l l  be mounted on s e p a r a t e  towers  o r  i n  s e p a r a t e  
g roups .  

( 7 )  Roof-mounted a n t e n n a s  w i t h  a minimum of 8 f e e t  s e p a r a t i o n  on t h e  
abandoned A i r p o r t  S u r v e i l l a n c e  Kadar (ASR)-4/5/5 b i l i l d i n g  a r e  a c c e p t a b l e  as a 
remote  t r a n s m i t t e r  o r  remote  r e c e i v e r  f a c i l i t y  ( b u t  n o t  RTK) i f  t h e  f o l l o w i n g  
c r i t e r i a  a r e  met:  

( a )  No t r a n s m i t t e r  i m  i n t e r f e r e n c e  o r  r e c e i v e r  i n  i n t e r f e r e n c e  i s  
e x p e r i e n c e d .  

(b )  ? l ee t  a i r  t r a f  E i c  c o v e r a g e  r e q u i r e m e n t .  

( c )  Space is  n o t  a v a i l a b l e  t o  p r o v i d e  s t a n d a r d  a n t e n n a  tower  
s t r u c t u r e .  

(6) S t a n d a r d  a n t e n n a  tower  i ~ e i g h t  woilld v i o l a t e  F e d e r a l  A v i a t i o n  
" n e g l ~ i a t i o n s ,  ? a r t  77, O b j e c t s  A f f e c t i n g  X a v i g a t i o n  Airspact', r e q u i r e m e n t s .  
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1 7 .  TRAKSPIISSION LINES. 

a .  T r a n s m i s s i o n  l i n e s  u sed  by t h e  FAA a r e  p r i m a r i l y  c o a x i a l  c a b l e  t y p e s  
RG213/U and RG-218/U. These  s o l i d - d i e l e c t r i c  c a b l e s  have  some i n h e r e n t  d e f i c i e n -  
c i e s  which make them i n f e r i o r  t o  foam-type c a b l e s .  I n  f u t u r e  FAA i n s t a l l a t i o n ,  
RG-331/U and RG-333/U ( o r  e q u i v a l e n t )  f o a m - d i e l e c t r i c  cab1 e s  s h o u l d  he u s e d .  m.e  
a d v a n t a g e s  of  f o a n - d i e l e c t  r i c  c a b l e  a r e  : 

(1 )  E l i m i n a t i o n  o f  c o n n e c t o r  p i n  p u l l o ~ ~ t  caused  by p o s t  s o l i d  d i e l e c t r i c  
t y p e s .  

( 2 )  S lh i e ld ing  p r o v i d e d  w i t h  n:os t f o a m - d i e l e c t r i c  c a b l e s  r e s u l t  i n  l o r . ~ e r  
r f  l e a k a g e .  

(3)  Low a t t e n u a t i o n .  

(4)  Long 1 i f e  s p a n  and  low-main tenance  r e q u i r e r e n t s .  

b .  For more d e t a i l s  on t r a n s r r i s s i o n  l i n e s ,  r e f e r  t o  s e c t i o n  3 of c h a s t e r  A .  
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CHAPTER 3.  OPERATIONAL RELIABILITY AND AVAILABILITY 
CONSIDERATIONS 

20. INTRODUCTION. 

a. R e l i a b i l i t y  and a v a i l a b i l i t y  h a v e ,  i n  r e c e n t  y e a r s ,  a c q u i r e d  d i s t i n c t  
meaning and h a v e  grown i n t o  a  f u l l - f l e d g e d  e n g i n e e r i n g  d i s c i p l i n e .  The o b j e c t i v e  
i n  t h i s  s e c t  i o n  is t o  es t a b  l i s h  methods  and  c r i t e r i a  f o r  e f f e c t i n g  improvements i n  
r e l i a b i l i t y  and a v a i l a b i l i t y  of FAA communica t ion  sys t ems .  It does  n o t  d i s c u s s  
t h e  mathemat ics  i n v o l v e d  o r  p r e s e n t  d e t a i l e d  s t a t i s  t i c a l  a n a l y s e s  and p r e d i c t i o n  
methods. However, s o n e  of t h e  f u n d a m e n t a l  a s p e c t s  of r e l i a b i l i t y  and a v a i l a b i i i t y  
a r e  d i s c u s s e d  and t h e  e f f e c t  of equipment  redundancy,  emergency communicat ions , 
a l t e r n a t e  r o u t i n g  of c i r c u i t s ,  and  r e m o t e  f a u l t  s u p e r v i s i o n  on t h e s e  f a c t o r s  i s  
a n a l y z e d .  O the r  methods,  such  as e s t a b l i s h i n g  i n t e r c o m  s y s  tems f o r  maintenancc. 
p u r p o s e s ,  r o u t i n e  n a i n t e n a n c e ,  p r e v e n t i v e  ma in tenance ,  and s t a n d a r d i z a t i o n  of 
methods,  p r a c t i c e s ,  and  con£ i g u r a t i o n s  , are  s u g g e s t e d  t o  r educe  t h e  s y s  t e m  f a i l u r e  
r a t e  and sys t em r e p a i r  t i m e ,  and  t o  i n c r e a s e  t h e  s y s t e m  mean t i m e  between f a i l u r e  
(FITRF) and t h e  a v a i l a b i l i t y  of t h e  sys t em.  

b.  Backup o r  s t a n d b y  r a d i o  t r a n s m i t t i n g  and r e c e i v i n g  equipment s h a l l  b e  
p rov ided  f o r  a l l  FAA i n s t a l l a t i o n s  i n  a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s  i n  t h e  
L a t e s t  e d i t i o n  of FAA Order  6 5  10.4 ,  Radio  Communications Requirements  f o r  A i r  
T r a f f i c  C o n t r o l  F a c i l i t i e s .  Emergency backup r e q u i r e m e n t s  f o r  FAA f a c i l i t i e s  a r e  
a l s o  s p e c i f i e d  i n  FAA Order  6510.4.  

c .  To d e m o n s t r a t e  t h e  improvement i n  r e . 1 i a b i l i t y  and a v a i l a b i l i t y  due  t o  
equipment redundancy,  some c o n c e p t u a l  models  t h a t  c a n  e a s i l y  be  adap ted  t o  a c t u a l  
FAA sys t ems  are p r e s e n t e d  i n  t h i s  c h a p t e r .  

2  1. SYSTM EVALUATION. 

a .  Product  R e l i a b i l i t y .  The r e l i a b i l i t y  of a  p r o d u c t  i s  measured i n  r e l a -  
t i o n  t o  t h e  n i s s i o n  i t  is  t o  a c c o m p l i s h .  In p r a c t i c e ,  i t  i s  n e v e r  p o s s i b l e  t o  
accompl i sh  t h i s  n i s s i o n  100 p e r c e n t  of t h e  t ime.  T h i s  can  be a t t r i b u t e d  t o  many 
f a c t o r s ,  such  a s  d e s i g n  s h o r t c o m i n g s ,  m a t e r i a . 1  d e f i c i e n c i e s ,  o r  c o s t  l i m i t a t i o n s .  
I n  any e v e n t ,  t h e  most i m p o r t a n t  r e a s o n  f o r  c o n s i d e r i n g  r e l i a b i l i t y  i s  t o  a s s u r e ,  
w i t h  a  measu rab le  d e g r e e  of con£ i d e n c e ,  t h a t  a sys t em c a n  accompl i sh  i t s  m i s s i o n .  
T h e r e f o r e ,  i t  i s  a b s o l u t e l y  n e c e s s a r y  t o  d e s c r i b e  t h e  m i s s i o n  cl.earLy s o  t h a t  t h e r e  
i s  no doubt  a s  t o  what must b e  a c h i e v e d  by t h e  s y s t e m  and t o  i n d i c a t e  t h e  c o s t  
w i t h i n  which t h e  m i s s i o n  must b e  a c c o m p l i s h e d .  Such a  d e s c r i p t i o n  must a l s o  
i n c l u d e  t h e  t o l e r a n c e s  which a r e  t o  be  a l l o w e d  b e f o r e  t h e  m i s s i o n  i s  c o n s i d e r e d  a 
f a i l u r e .  Vnen t h i s  i s  done ,  t h e  s y s  tems e n g i n e e r  c a n  s p e c i f y  t h e  d e g r e e  of reli- 
a b i l i t y  i n  terms of t h e  o p e r a t i o n a l  c o n d i t i o n s  i n v o l v e d .  

b. System A v a i l a b i l i t y .  A more i m p o r t a n t  f a c t o r  t o  b e  c o n s i d e r e d  i n  a n  FAA 
c o ~ m u n i c a t i o n  s y s t e m  e v a l u a t i o n  i s  s y s t e m  a v a i l a b i l i t y .  'bile i t  would be i d e a l  t o  
have  100 p e r c e n t  s y s t e m  a v a i l a h i l i t y ,  i t  c a n n o t  be done b e c a u s e  of equipment and  
manpower def i c i e n c i e s  and Logis  t i c  and c o s t  c o n s i d e r a t i o n s .  However, s p e c i f i c  
methods t o  improve t h e  a v a i l a h i l i t y  of a s y s t e m ,  w i t h i n  t h e s e  c o n s t r a i n t s ,  w i l l  h e  
i n d i c a t e d  i n  t h i s  d i s c u s s i o n .  
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22. DEFINITIONS. To o b t a i n  a clear u n d e r s t a n d i n g  of t h e  c o n c e p t s  p r e s e n t e d  h e r e ,  
some s i m p l e  d e f i n i t i o n s  of t h e  t e rms  i n v o l v e d  are g i v e n  below. 

a. R e l i a b i l i t y  ( R ) .  The r e l i a b i l i t y  of a n  equipment  o r  s y s t e m  is t h e  
p r o b a b i l i t y  of i t s  s u r v i v a l  ove r  a  g i v e n  i n t e r v a l  of t i m e  ( t )  d u r i n g  which no  - - 

r e p a i r s  a r e  per formed on t h e  equipment o r  sys tem.  R i s  d e p e n d e n t  on  t. 

b. A v a i l a b i l i t y  (A). A v a i l a b i l i t y  i s  t h e  p r o p o r t i o n  of t i m e  t h a t  a n  equip-  
ment o r  s y s t e m  i s  a v a i l a b l e  f o r  u s e  when a v e r a g e d  o v e r  a l o n g  i n t e r v a l  of t ime.  - 

The a s s u m p t i o n  i s  t h a t  when a n  equipment f a i l s ,  i t  i s  r e p a i r e d  o r  r e p l a c e d  and 
p u t  i n t o  s e r v i c e  a g a i n .  A r e l a t e d  f a c t o r ,  equipment  o r  s y s t e m  u n a v a i l a b i l i t y ,  
i s  d e f i n e d  as b e i n g  e q u a l  t o  1-A. Very of t e n  u n a v a i l a b i l i t y  f i g u r e s  f o r  a  sys t em 
g i v e  a b e t t e r  unde r s  t a n d i n g  of t h e  e f f e c t s  of s y s  t e m  improvement measures  t h a n  
a v a i l a h i l i  t y  f  i g u r e s .  

c .  Mean Time Between F a i l u r e .  ?lean t i m e  be tween f a i l u r e  (NTBF) i s  t h e  
a v e r a g e  t i m e  be tween i n d i v i d u a l  equipment f a i l u r e s  i n  a l a r g e  popuLa t ion  of such  
equipment .  The symbol i4 w i l l  be used t o  d e s i g n a t e  MTBF i n  t h e  e q u a t i o n s  which 
f o l l o w .  

d.  Mean Time To R e p a i r .  Mean t i m e  t o  r e p a i r  (XTTR) i s  t h e  a v e r a g e  t ime t o  
r e p a i r  a n  equipment a f t e r  i t  h a s  f a i l e d .  I n  some e n v i r o n m e n t s  t h e  t i w  t o  r e p a i r  
c a n  be  cons idered .  t o  be t h e  t ime t o  r e p l a c e  t h e  f a u l t y  u n i t  w i t h  a good one. The 
symbol S w i l l  be  used  t o  d e s i g n a t e  XCTR i n  t h e  e q u a t i o n s  t h a t  f o l l o w .  

e. Sourcs  of I n f o r m a t i o n  on System Pa rame te r s .  It n o r m a l l y  would be pos- 
s i b l e  t o  o b t a i n  approx ima te  f i g u r e s  f o r  equipment  MTBF and  ?flTR from t h e  e q u i p n e n t  
s u p p l i e r s .  If  i t  i s  n o t ,  a c a r e f u l  a n a l y s i s  of t h e  l o g  books  f o r  t h e  equipment,  
t r a n s m i s s i o n  l i n e s ,  vf c a b l e s ,  e t c . ,  w i l l  g i v e  g u i d a n c e  on t h e  v a l u e s  t o  be used 
f o r  t h e s e  i n  r e l i a b i l i t y  and a v a i l a b i l i t y  c a l c u i a t i o n s .  The p e r i o d  of t ime con- 
s i d e r e d  s h o u l d  be  long enough t o  i n c l u d e  a t  least  f i v e  f a i l u r e s  and r e p a i r s  t o  
equ ipmen t ,  t r a n s m i s s i o n  L ines ,  o r  c a b l e s  i n  o r d e r  t o  p i a c e  any r e l i a n c e  on t h e  
f i g u r e s  o b t a i n e d .  

23. GENEXAL APPROACH TO SYS'TSI IMPROVEYEN'f.. A cornmul~ica t ion  s y s t e m  i s  composed of 
s e v e r a l  f u n c t i o n a l  u n i t s ,  and t h e  r e i i a b i l i t y  and a v a i l a b i l i t y  of t h i s  s y s t e n  a r e  
dependen t  upon t h e  r e l i a b i l i t y  and a v a i l a b i l i t y  of t h e s e  i n d i v i d u a l  u n i t s  and how 
t i ley a r e  conf i g u r e d .  \ h e n  s e l e c t i n g  t h e  equipment  t o  f u i f  ill t h e  v a r i o u s  f u n c t i o n a l  
s y s t e m  r e q u i r e m e n t s ,  t h e  p l a n n e r  can  choose  the. e q u i p n e n t  w i t h  t h e  b e s t  XTHF from 
anong t h o s e  a v a i l a b l e  i n  t h e  market  comnensura t e  w i t h  c o s t .  However, once  t h e  
equipment f o r  a sys t em i s  s e l e c t e d ,  t h e  r e l i a h i l i t y  and a v a i l a b i l i t y  of t h e  sys t em 
can  be  improved mainly  by equipment redundancy and r e d u c t i o n  of HTTR. However, 
e v e r y  one  of t h e s e  a l t e r n a t i v e s  ( t h a t  i s ,  c h o i c e  of r e l i a b l e  equ ipmen t ,  equipment 
r edundancy ,  and r e d u c t i o n  of r e p a i r  t h e )  i n v o l v e s  a c o s t  p e n a l t y  which must be 
c a r e f u l l y  weighed b e f o r e  t h e  most s u i t a b l e  s y s t e m  i s  chosen .  Hence, t h e r e  w i l l  h e  
a n  emphas is  on methods f o r  sys t em improvement t h a t  a r e  w i t h i n  t h e  c o n t r o l  of t h e  
s y s t e m  d e s i g n e r ,  t h a t  is ,  by p r o v i d i n g  redundancy i n  t h e  most  economica l  way and by 
r e d u c i n g  MTTR t h r o u g h  p r o p e r  s y s  t e n  d e s i g n .  
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24. SINGLE EQUIPMENT CASE. 

a.  Though a s i n g l e  equipment  i s  r a r e l y  u sed  i n  t h e  FAA e n v i r o n m e n t ,  i t  i s  
d i s c u s s e d  h e r e  t o  p r o v i d e  a b a s i s  f o r  t h e  most  c o m p l i c a t e d  s y s t e m s  used  i n  p r a c t i c e .  
F o r  a  s i n g l e  equ ipmen t ,  t h e  r e l i a b i l i t y  i s  e x p r e s s e d  as: 

R = Exp (-t/?f) = Exp (-At) 

whe re  2 i s  t h e  r e l i a b i l i t y  of t h e  equ ipmen t ,  t is  t h e  d u r a t i o n  of t h e  m i s s i o n  o r  
t i n e  i n t e r v a l  i n d i c a t e d  i n  p a r a g r a p h  22a ,  N i s  t h e  equ ipmen t  MTBF, and X i s  t h e  
f a i l u r e  r a t e  = l /K.  Note t h a t  R i s  t ime-dependent  and  d e c r e a s e s  t o  z e r o  when t i s  
i n c r e a s e d  t o  a  l a r g e  v a l u e .  I n  a p p l y i n g  t h e  f o r m u l a ,  t h e  s a n e  u n i t  of t i m e  s h o u l d  
b e  used  f o r  e x p r e s s i n g  t ,  M ,  and  A .  

b. The e x p r e s s i o n  f o r  a v a i l a b i l i t y  i s :  

?I A = - -  - -  P 

M+ S A + P  

where  A i s  t h e  a v a i l a b i l i t y  of t h e  equ ipmen t ;  S i s  t h e  MTTIi o f  t h e  e q u i v n e n t ,  
P is tile r e p a i r  ra te  = 1!S; and  M and X h a v e  t h e  same meaning as above .  

c .  F o r  a n  equipment  w i t h  i4 = 1 ,000  h o u r s  and  S  = 10 h o u r s ,  R and A f o r  
d i f f e r e n t  v a l u e s  of t a r e  g i v e n  i n  f i g u r e  3-1. Note t h a t  w h i l e  MTBF and R a r e  
i n t r i n s i c  t o  t h e  equipment  and  a r e  o u t s i d e  t h e  c o n t r o l  of t h e  FAA s y s  tern p l a n n e r ,  A 
c a n  be  improved by r e d u c i n g  S t h r o u g h  b e t t e r  m a i n t e n a n c e  p o l i c i e s  and  by p rov i -d ing  
g r e a t e r  a c c e s s i b i l i t y  f o r  equipinent  r e p a i r .  

FIGUKE 3- 1. EXA,hlPLE OF RELIABLLITY AND AVAIURILITY FOR 
SINGLE EOUIPXENT 

T ( h o u r s )  1  10 100 1000 10000 

R 0.999 0.90 0.905 0.37 0.5 x lo-' 

A C o n s t a n t  a t  0.99 

25. CONFIGUEUTIOWS. I n  t h e  FAA a-g comrnunlcat ions s y s t e m ,  s e v e r a l  d i f f e r e n t  
equipment  con£ i g u r a t i o n s  a r e  employed. Tne c o n f i g u r a t i o n s  r ev i ewed  a r e  s e r i e s ,  
p a r a l l e l  r e d u n d a n t ,  s t a n d b y  r e d u n d a n t ,  a n d  s e r i e s - p a r a l l e l ,  a l l  of which o c c u r  i n  
t h e  FAA e n v i r o n m e n t .  

26. SERIES CONFIGrJRATION. When e v e r y  equipment  must  b e  o p e r a t i n g  f o r  t h e  s y s t e n  
t o  f u n c t i o n  i n  a n  a c c e ? t a b L e  inanner, the  e q u i p a e n t  'Ls c o n s i d e r e d  t o  be i n  r? s e r i e s  
c o x £ i g u r a t i o n .  F i g u r e  3-2 p r e s e n t s  a n  exan ; ) l e  of a s e r i e s  c o n f i g u r a t i o n .  The ?ITHt: 
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and  MTTR of t h e  i n d i v i d u a l  equipment  are shown i n  t h e  f i g u r e .  The c o n s t a n t  long- 
term a v a i l a b i l i t y  A and t ime-dependent  R ( f o r  t = 24 h o u r s )  f o r  i n d i v i d u a l  equip-  
ment are computed by t h e  f o r m u l a s  g i v e n  i n  p a r a g r a p h  24. The v a l u e s  on XTBF, R, 
and  A f o r  t h e  c o m p l e t e  series s y s t e m  c a n  be  computed f rom t h e  f o l l o w i n g  f o r m u l a s :  

where t h e  s u b s c r i p t s  r e f e r  t o  t h e  d i f f e r e n t  equipment shown i n  f i g u r e  3-2. 

S e r i e s  Sys tem R e l i a b i l i t y  (R ) = R x  R x R x R = Exp ( - t /X ) 
S 1 2 3 4 S 

S e r i e s  System A v a i l a b i l i t y  ( A  ) = A s A x A x A 
S 1 2  3 4 

The computed v a l u e s  of !.I , R , and A a r e  shown i n  t h e  f i g u r e .  A s  t h e  number of 
S S e q u i p n e n t  i n c r e a s e s ,  a l l  of ?he  above  q u a n t i t i e s  d e c r e a s e .  Moreover ,  w h i l e  A 

S i s  i n d e p e n d e n t  of t i m e ,  R d e c r e a s e s  e x p o n e n t i a l l y ,  a p p r o a c h i n g  z e r o  as t ime 
s irlcreases. Once t h e  equipment c o m p r i s i n g  t h e  s y s t e m  i s  s e l e c t e d ,  M and 2. a r e  

S S n o t  w i t h i n  t h e  s y s t e m  p l a n n e r ' s  c o n t r o l .  A l i m i t e d  c o n t r o l  on  A can  be had b y  
d e s i g n i n g  t h e  s y s t e m  t o  have  low v a l u e s  of S S S and S  t8e t i m e s  r e q u i r e d  

1' 3,' 3' 4 ' 
t o  r e p a i r  o r  r e p l a c e  a  f a u l t y  equ ipmen t ,  by s u i t a ~ l e  p l acemen t  of equ ipnen t  an2 
p r o p e r  m a i n t e n a n c e  t e c h n i q u e s .  

27.  PARALLEL REDUNDiWT CONFIGURATION. 

a .  Two o r  more p i e c e s  of equipment a r e  c o n s i d e r e d  t o  be  i n  a p a r a l l e l  
r edundan t  c o n f i g u r a t i o n  when a n y  o n e  of t h e  p a r a l l e l  u n i t s  c a n  c a r r y  t h e  load  slr 
f u l f i l l  t h e  r e q u i r e d  sys t em f u n c t i o n s .  An example of such  a c o n f i g u r a t i o n  i s  x a i n  
and s t a n d b y  equ ipmen t ,  bo th  of which a r e  o n  ( t h a t  i s ,  i n  h o t  s t a n d b y  s t a t u s ) ,  2nd 
t h e  o u t p u t  of e i t h e r  one  i s  a c c e p t a b l e  f o r  u se .  S i n c e  t h e  p a r a l l e l  r edundan t  
c o n f i g u r a t i o n  w i t h  tvo  i d e n t i c a l  p i e c e s  of equipment i s  commonly used i n  FAA 
communica t ion  s y s t e m s ,  t h e  r e l e v a n t  f o r m u l a s  f o r  t h i s  con£ i g u r a t i o n  a r e  g i v e n  
below: 

3 
L 

!.I 
(1) P a r a l l e l  Redundant System NTBF (M ) = - )I + - 

P 2  2 s -  

2  
( 2 )  P a r a l l e l  Redundant  System R e l i a b i l i t y  (R ) = 2K - R . 

P 
2 

(3) P a r a l l e l  Redundant Sys tem A v a i l a b i l i t y  ( A  ) = 2A - A . 
P 

9 

(4) P a r a l l e l  Xedundant System U n a v a i l a b i l i t y  i s  1 - ( 2 A  - A ~ ) .  

b. To il L u s t r a t e  t h e  s t r i k i n g  improvement i n  t h e  above  q u a n t i t i e s  due  t r ?  ti12 - 
p a r a l l e l  conf 'Lgura t ion ,  t h e  computed f i g u r e s  f o r  t h e  q u a n t i t i e s  f o r  t h e  s i n g l e  
equipment  and f o r  t h e  p a r a l l e l  redundancy c a s e  a r e  g i v e n  i n  f i g u r e  3-3. 
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F I G U R E  3-3. LMPROVEHENT DUE TO PARALLEL REDUNDANCY - 

Measure S i n g l e  P a r a l l e l  Redundant 
Equipment  C o n f i g u r a t i o n  

M'B F 1 , 0 0 0  Hours 5 1 , 5 0 0  Hours 

R e l i a b i l i t y  0.845 
( t  = 1  week) 

A v a i l a b i l i t y  0.99 
( S  = 10 Hours)  

U n a v a i l a b i l i t y  24 Hours 
( i n  100 days )  

15 Minu te s  

c .  k s u m i n g  t h a t  t h e  above  f i g u r e s  a p p l y  t o  a r e c e i v e r ,  t h e  u n a v a i l a b i l i t y  
f i g u r e s  s h o ~ ,  f o r  e x a n p l e ,  t h a t  w i t h  one  r e c e i v e r ,  t h e  r e c e i v i n g  f a c i l i t y  x i l J .  n o t  
be  a v a i l a b l e  f o r  v a r i o u s  p e r i o d s  t o t a l i n g  24  h o u r s  i n  i O O  d a y s  ( a  t o t a l l y  unaccep t -  
a b l e  s i t u a t i o n ) ,  whereas  t h e  u n a v a i l a b i l i t y  of t h e  f a c i l i t y  i s  reduced t o  f e w e r  
t h a n  15 minu te s  i n  100 days  f o r  two r e c e i v e r s  i n  p a r a l l e l .  The c o s t  i n c r e a s e  r a t i o  
w i l J  b e  abou t  2.  T n i s  would be  c h e a p e r  t h a n  p r o v i d i n g  one  r e c e i v e r  w i t h  a n  a v a i l -  
a b i l i t y  of 0.9999. 

28. ST.4NDBY RWUNDANT COKFIGURATION. T h i s  con£ i g u r a t i o n  d i f f e r s  from p a r a l l e L  
c o n f i g u r a t i o n  i n  t h a t  o n l y  one  equipment  ( o u t  of s e v e r a l  i n  p a r a l l e l )  i s  on a t  
a n y  t ime.  Though t h e  s t a n d b y  equipment  is r e a d y  t o  b e  s w i t c h e d - i n  f o r  u s e ,  i t  is 
n o t  a c t u a l l y  o n  ( t h a t  i s ,  i t  i s  i n  a  c o l d  s t a n d b y  s t a t u s ) .  Note t h a t  w h i l e  a l l  
t i e  e q u i p n e n t  i n  p a r a l l e l  c o n f i g u r a t i o n  h a s  t h e  same f a i l u r e  r a t e  ( b e c a u s e  t hey  a r e  
a l l  o n ) ,  t h e  o f f  equipment  i n  s t andby  c o n f i g u r a t i o n  h a s  a lows r  f a i l u r e  r a t e  
t h a n  t h e  on e q u i p n e n t  . E v i d e n t l y  t h e  s y s  tern MTBF, r e l i a b i l i t y  , and a v a i l a b i l i t y  
f o r  t h i s  c o n f i g u r a t i o n  w i l l  be  b e t t e r  t h a n  t h a t  f o r  p a r a l l e l  c o n f i g u r a t i o n .  Xow- 
e v e r ,  t o  t a k e  a d v a n t a g e  of t h i s  b e t t e r  r e l i a b i l i t y  and a v a i l a b  i l i t y ,  t h e  sys t em 
p l a n n e r  w i l l  have  t o  a r r a n g e  f o r  i n s t a n t a n e o u s  r e m o t e  s w i t c h i n g  on and o f f  of 
e q u i p n e n t ,  b e s i d e s  changeover  f rom main t o  s t a n d b y  equipment .  S i n c e  t h i s  i s  
u s u a l l y  q u i t e  e x p e n s i v e ,  t h e  c o l d  s t a n d b y  c o n f i g u r a t i o n  i s  n o t  n o r n a l l y  used i n  FAA 
coinmunica t i o n  sy s terns. 

29. PARTIALLY RE31INDANT CONFIGURATION. An example  of p a r t i a l l y  r edundan t  conf i g -  
u r a t i o n  i s  shown i n  f i g u r e  3-4. T h i s  sys t e rn  i s  b a s i c a l l y  t h e  s a n e  a s  t h e  s e r i e s  
c o n f i g u r a t i o n  shown i n  f i g u r e  3-2 e x c e p t  t h a t  p a r a l l e l  redundancy h a s  been  pro-  
v i d e d  f o r  t h e  \if: c a b l e  and t h e  t r a n s d t t e r s .  I n  a l l .  s u c ! ~  c a s e s ,  t h e  p a r a l l e l  
r e d u n d a n t  p o r t i o n s  of t h e  sys t em a r e  a n a l y z e d  f i r s t  and re:)laced by e q u i v a l e ~ t  
s i n g  1.e un i :  subsys  t e n s .  Tile r e s u i t a n t  series s y s t e m  is  t h e n  e a s i l y  a n a l y z e d .  
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FIGURE 3-4. PARTIALLY REDUNDANT COMMUNICATION SYSTEM 
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Employing t h e  same MTBF and MTTR f i g u r e s  f o r  e a c h  equipment  as i n  t h e  s i m p l e  series 
c a s e ,  t h e  a v a i l a b i l i t y  and  r e l i a b i l i t y  o f  t h e  c o m p l e t e  s y s t e m  h a v e  been  computed 
s t e p  by  s t e p  and  p r e s e n t e d  i n  t h e  f i g u r e .  Note t h a t  t h e  u n a v a i l a b i l i t y  o f  t h e  s y s -  
t e m  h a s  d e c r e a s e d  t o  less t h a n  one-ha l f  o f  t h e  f i g u r e  f o r  t h e  s i m p l e  series c a s e  
and  t h e  r e l i a b i l i t y  h a s  i m ~ r o v e d  s i g n i f i c a n t l y .  However, t h i s  improvement h a s  been  
o b t a i n e d  a t  t h e  c o s t  o f  one  more t r a n s m i t t e r ,  one  more c a b l e ,  and t h e  n e c e s s a r y  
s w i t c h i n g  equ ipmen t .  

30. METHODS TO IMPROVE SYSTEP! RELIABILITY AND AVAILABILITY. The r e l i a b i l i t y  of  a  
communica t ions  s y s t e m  can  be  improved by s e v e r a l  t e c h n i q u e s ,  some o f  which have  
been im?Lemented by t h e  FAA f o r  e s t a b l i s h i n g  a  set of s t a n d a r d s  t o  be  fo l lowed  a t  
A'L'CT and  en  r o u t e  f a c i l i t i e s .  These  t e c h n i q u e s  a r e  d e s c r i b e d  i n  t h i s  c h a p t e r .  I n  
a d d i t i o n ,  new methods  w i l l  h e  i n c l u d e d  t h a t  w i l l  c o n t r i b u t e  t o  sys t em a v a i L a b i L i t y  
and  improve e x i s t i n g  s e r v i c e .  

a .  ? lax imiz ing  Equipnent  MTBF/MTTR R a t i o .  A l l  t h e  f o r e g o i n g  f o r m u l a s  f o r  
r e l i a b i l i t y  and  a v a i l a b i l i t y  o f  v a r i o u s  s y s t e m  i n d i c a t e  t h a t  t o  o b t a i n  a  s y s t e z  
o f  h i g h  r e l i a b i l i t y  and  a v a i l a b i l i t y ,  t h e  i n d i v i d u a l  equipment  which makes up t 3 e  
s y s t e m  must i t s e l f  h a v e  h i g h  v a l u e s  o f  R a n d  A t h a t  a r e  c o n n e n s u r a t e  w i t h  c o s t .  A 
h i g h  v a l u e  o f  R f o r  a n  equipment  r e q u i r e s  a h i g h  v a l u e  of  MTBF. An i n c r e a s e  i n  
v a l u e  o f  A r e q u i r e s  a n  i n c r e a s e  i n  v a l u e  of  t h e  r a t i o  MTBF/MTTR. Tha t  i s ,  XTSF 
m u s t  be  n a x i z i z e d  and  KTT8 ~ , i n i r r ; i z e d .  U s u a l l y  a n  i n c r e a s e  i n  v a l u 2  of ?I,TEF (1.-:?LC-> 
c a n  be a c h i e v e d  w i t h  s u i t a b l e  equipment  d e s i g n  ( w i t h  b e t t e r  components  and more 
c o m p l i c a t e d  c i r c u i t r y )  i n v o l v e s  a n  i n c r e a s e  ( n o t  a  d e c r e a s e )  i n  equipment  r e p a i r  
t ime .  'rience t h e  MTBF/MTTil r a t i o  f o r  t h e  equipment  i n c r e a s e s  o n l y  s l i g h t l y .  Tt i s  
a p p a r e n t ,  t h e r e f o r e ,  t h a t  a n  equipment  d e s i g n  which p roduces  a h i g h  ilTBF/:ITTK r a t  i o  
i s  l i k e l y  t o  b e  e x p e n s i v e .  O f t e n  a small i n c r e a s e  i n  t h e  r a t i o  i n v o l v e s  a  d i s p r o -  
p o r t  i o n a t e  i c c r e a s e  i n  c o s t .  

b.  %mimiz ing  System XTBF/MTTR -- R a t i o .  I n  a  communicat ion s y s  tern of  a given 

c o n f i g u r a t i o n  w i t h  equipment  o f  known PITBF, t h e  sys t em bITEF i s  d e t e r m i n e d  by 
a n a l y z i n g  t h e  c o n f i g u r a t i o n  a s  i n d i c a t e d  i n  p a r a g r a p h  29. Thus t h e  sys t em i.!T3F i s  
f i x e d  f o r  t h a t  c o n f i g u r a t i o n .  Iiowever, t h e  MTTR of t h e  sys t em i s ,  t o  some e x t e n t ,  
w i t h i n  t h e  c o n t r o l  o f  t h e  sys t em p l a n n e r .  It c a n  b e  reduced  w i t h i n  1 in i : s  by 
a r r a n g i n g  t o  r e p l a c e  a n y  f a u l t y  equipment  w i t h  a  h o t  s t a n d b y  and  by r e p a i r i n g  t i l e  
forn ier  of :- l ine,  t h u s  o b t a i n i n g  a  h i g h  ;ITBF/~:TT~I. r a t i o  f o r  t h e  s y s  tern. To do t h i s ,  
i t  is n e c e s s a r y  t o  c o n s t a n t l y  o r  a t  l e a s t  f r e q u e n t l y  m o n i t o r  b o t h  o n - l i n e  and  o f f -  
l i n e  ( h o t  s t a ~ d b y )  e q u i p a e n t s  and  p r o v i d e  a warn ing  i f  any  equipment  f a i l s .  

c .  System-Versus-Equipnent  R e l i a b i l i t y  a n d  L 4 v a i l a b i l i t y .  I f  a c o n f i g u r a -  
t i o n  c o n s i s t s  of  a m i x t u r e  of low- a n d  h i g h - r e l i a b i l i t y  equ ipmen t ,  i t  c a n  be shown - 
t h a t  improv ing  weaker  equipment  r e l i a b i l i t y  r e s u l t s  i n  a  more s i g n i f i c a n t  i n c r e a s e  
i n  s y s t e v  r e l i a b i l i t y  t h a n  i f  t h e  s t r o n g e r  u n i t s  a r e  improved.  Thus ,  s t r e n g t h e c i n o  G 

t h e  r e l i a b i l i t y  o f  t h e  ::ea:cer u n i t s  i s  e c o n o m i c a l .  The same c o n s i d e r a t i o n s  z l s e  
I -  J i  ,l a p p l y  t o  s y s  tern a v a i l a b i l i t y .  In a d d i t i o n ,  a n y  s e a s u r e  whic'ri i n c r e a s e s  C1:e """ 

MTTX r a t i o  of  t h e  s y s t e m ,  such  a s  t h e  one  i n d i c a t e d  i n  p a r a g r a p h  32b,  w i l l  d i c c c t i y  
i r n ~ r o v e  t h e  s y s t e n  a v a i l a b i l i t y .  

d .  Equipment Redundancy. One way of  improv ing  sys t em r e l i a b i l i t y  and 
avzilability i s  t o  p r o v i d e  redundancy f o r  t h e  weaker equ ipmen t .  I t  i s  o f t e n  
I ~ S S  e x p e n s i v e  t o  have, s a y ,  two o r   ore p i e c e s  of  equipment  of Low reLiahi1 i :y  
i n  r edundan t  conf  i g u r a t  iorl t han  t o  p r o v i d e  a  single equipment  of  e q u i v a l e n t  1:igiier 
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r e l i a b i l i t y .  What d e g r e e  o f  r edundancy  s h o u l d  be  p r o v i d e d  f o r  e a c h  equipment  c a n  
b e  d e t e m i n e d  by  making a c o s t - e f f e c t i v e n e s s  s t u d y  t o  a c h i e v e  t h e  r e q u i r e d  
r e l i a b i l i t y  and  a v a i l a b i l i t y .  

e .  Cab le  Redundancy. P r o v i d i n g  a r e d u n d a n t  c a b l e  a l s o  improves  sys t em 
r e l i a b i l i t y  and  a v a i l a b i l i t y .  But a n  e s s e n t i a l  r e q u i r e m e n t  o f  p a r a l l e l  r e d u n d a n t  
c o n f i g u r a t i o n  is  t h a t  t h e  s y s t e n  s h o u l d  h a v e  t h e  c a p a b i l i t y  t o  s w i t c h  from main t o  
t h e  a l t e r n a t e  c a b l e  i n s t a n t a n e o u s l y .  Any a r r a n g e m e n t  n o t  p r o v i d i n g  t h i s  i n s t a n -  
t a n e o u s  s w i t c h i n g  c a p a b i l i t y  ( such  as t h e  need  f o r  p a t c h i n g  j a c k  p a n e l s  t o  change  
o v e r  from main t o  a l t e r n a t e  c a b l e )  w i l l  i n c r e a s e  t h e  e f f e c t i v e  NTTR and r e d u c e  t h e  
a v a i l a b i l i t y  v e r y  s i g n i f i c a n t l y .  The l a t e s t  e d i t i o n  o f  O r d e r  6510.4, Radio  Com- 
m u n i c a t i o n s  Requi rements  f o r  A i r  T r a f f i c  C o n t r o l  F a c i l i t i e s ,  d e t a i i s  r e q u i r e m e n t s  
f o r  c a b l e  redundancy.  

f .  Redundancy of Remotely L o c a t e d  U n i t s .  S i n c e  i t  u s u a l l y  t a k e s  more t i m e  
t o  r e p a i r  o r  r e p l a c e  a  r e m o t e l y  l o c a t e d  u n i t  t h a n  a l o c a l  u n i t ,  i t  is more advan- 
t a g e o u s  t o  b u i l d  p a r a l l e l  r edundancy  i n  s u c h  r e n o t e  u n i t s  t h a n  i n  l o c a l  u n i t s .  
The e f f e c t i v e  r e p a i r / r e p l a c e m e n t  time is t h e  t o t a l  t i m e  r e q u i r e d  ( I )  t o  d e t e r m i n e  
t h a t  t h e  f a u l t y  u n i t  i s  i n  t h e  r emote  f a c i l i t y ,  ( 2 )  t o  r e a c h  t h e  remote  f a c i l i t y  
i f  i t  is unmanned, (3) t o  r e p l a c e  t h e  f a u l t y  u n i t ,  and  (4 )  t o  t e s t  t h e  sys t em o r  
p a r t  o f  t h e  sys t em b e f o r e  p l a c i n g  t h e  u n i t  i n t o  s e r v i c e .  A v a l u a b l e  conf i g u r a t i o n  
r e s u l t s  by p l a c i n g  t h e  n a i n  t r a n s m i t t e r s  anr! r e c e i v e r s  a t  t h e  remnte  s i t e s  and 
s t a n d b y  equipment  a t  t h e  ATCT. I n  t h i s  c o n f i g u r a t i o n  t h e  s t a n d b y  equipment  is n o t  
s u b j e c t  t o  t h e  same c o n t i n g e n c i e s  as t h e  equ ipmen t  a t  t h e  remote  s i t e s .  Ano the r  
p o s s i b i l i t y  w a r r a n t i n g  i n v e s t i g a t i o n  is  t o  l o c a t e  a  number o f  t r a n s m i t t e r  u n i t s  a t  
a r e c e i v e r  s i t e  and  v i c e  v e r s a .  V i t i i  t h i s  c o n E i g u r a t i o n ,  i n  ti le e v e n t  oE a t o t a l  
f a i l u r e  a t  one  s t a t i o n ,  c o ~ n m u n i c a t i o n s  w i l l  n o t  be  t o t a l l y  d i s r u p t e d .  

. O t h e r  F o r m  of ?,edcndancy. I f  a n t e n n a  n u l t i c o u p l e r s  a r e  u t i l i z e d  t o  
i n t e r c o n n e c t  s e v e r a l  r e c e i v e r s  t o  t h e  s a c e  > .n tenna ,  o r  i f  h y b r i d s  a r e  used t o  
c o u n l e  s e v e r a l  t r a n s ~ i t t e r s  t o  one  a n t e n n a ,  w i n  a n d  s t a n d b y  e q u i p v e n t  on t h e  s a n e  
c h a n n e l  s h o u l d  n o t  s h a r e  a  common a n t e n n a .  T h i s  i s  n e c e s s a r y  t o  a v o i d  a  s y s t e m  
where  damage t o  one  a n t e n n a  w i l l  p u t  a c h a n n e l  o u t  o f  s e r v i c e  e n t i r e l y .  If m u l t i -  
c o u p l e r s  o r  h y b r i d s  a r e  used  i n  a  s y s t e m  w i t h o u t  backup t r a n s m i t t e r s  and r e c e i v e r s ,  
a second  a n t e n n a  s h o u l d  be  p r o v i d e d  f o r  b a c k u p  w i t h  a u t o m a t i c  s w i t c h o v e r .  'E l i s  is 
n e c e s s a r y  s i n c e  damage t o  one  a n t e n n a  w i l l  p u t  s e v e r a l  c h a n n e l s  o u t  of  s e r v i c e  a t  
t h e  same t ime.  S e p a r a t e  a n t e n n a s  o n  main a n d  s t a n d b y  equipment  a r e  recommended. 
To d e c i d e  which u n i t s  s h o u l d  b e  made r e d u n d a n t  i n  a  s y s t e m ,  some well-known methods  
c a n  be  u sed .  One of t h e s e  p r o c e d u r e s ,  t h e  R e t t e l e  Xe thod ,  n o t  o n l y  c o n s i d e r s  t h e  
r e l i a b i l i t y  of e a c h  u n i t  a s  a c r i t e r i o n ,  b u t  a l s o  t a k e s  t h e  c o s t  of  t h e  uni :  i n t o  
a c c o u n t .  The n e t  r e s u l t  would b e  t o  make r e d u n d a n t  t h o s e  u n i t s  t h a t  a r e  most un- 
r e l i a b l e  and l e a s t  e x p e n s i v e .  F o r  F A A  i n s  t a l l a t  i o n s ,  t h e  g u i d e l i n e s  s e t  f o r t h  
can  be  u t i l i z e d  t o  a c h i e v e  t h e  d e s i r e d  r e l i a b i l i t y ,  and  a t r a d e o f f  b e t v e e n  c o s t  
f a c t o r s  and o v e r a l l  a v a i l a b i l i t y  improvement  can  b e  e v a l u a t e d .  

h .  Automat ic  Swi t chove r .  A l l  r e d u n d a n t  u n i t s  must be  equ ipped  wi th  an 
a u t o m a t i c  s w i t c h o v e r  f e a t u r e  o r  a remo t e - s w i t c h i n g  c a p a b i l i t y  i n  t n e  tower  c a b .  
Tnus,  i f  a main u n i t  f a i l s ,  t h e  s t a n d b y  u n i t  c a n  t a k e  o v e r  and r e s t o r e  s e r v i c e  
c o n t i n u i t y  , t h e r e b y  r e d u c i n g  s w i t c h i n g  t i m e  a n d  i n c r e a s i n g  sys t em a v a i l a b i l i t y .  
Tile s w i t c h i n g  u n i t  inay be  a r e l a y  o r  a n  e l e c t r o n i c  s w i t c h ,  e i t h e r  o f  which i s  
commerc i a l l y  a v a t l a b l e  and, i n  newer e q u i p m e n t  n o d e l s ,  i s  an i n h e r e n t  p a r t  of t h e  
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s y s t e m .  The a u t o m a t i c  s w i t c h o v e r  f e a t u r e  must  i n c l u d e  t h e  s t a n d b y  g e n e r a t o r s  a t  
remote  s i t e s .  A t  most  e x i s t i n g  RTR s i tes  w i t h  ene rgency  g e n e r a t o r s ,  t h e  g e n e r a t o r s  
s t a r t  a u t o m a t i c a l l y  and  t a k e  o v e r  t h e  equipment  l oad  when t h e r e  i s  a f a i l u r e  o f  
commerc ia l  power. The p r o v i s i o n  f o r  emergency power i s  c o v e r e d  by t h e  la tes t  
e d i t i o n  o f  O r d e r s  6030.20 ,  P r o v i s i o n s  o f  E l e c t r i c a l  Power f o r  N a t i o n a l  A i r s p a c e  
System F a c i l i t i e s ,  and  6350.2,  Power P o l i c y  h p l e n e n t a t i o n  a t  N a t i o n a l  A i r s p a c e  
System F a c i l i t i e s .  

i. System S t a t u s  Alarm and S u p e r v i s o r y  F a n e l .  To r e d u c e  o u t a g e  t i n e ,  t h e  
r sa in tenance  crew must be a l e r t e d  t o  a n y  s y s t e n  a b n o r m a l i t y  a s  soon  a s  a f a i l u r e  
o c c u r s .  The r o s t  e f f i c i e n t  way o f  m o n i t o r i n g  f a c i l i t y  p e r f o r ~ a n c e  f o r  unmanned 
rercote s t a t i o n s  is t o  b r i n g  i n  s t a t u s  s i g n a l s   fro^ t h e  m a j o r  equipment  and  d i s -  
p l a y  t h e n  c o n t i n u o u s l y  on a  s u p e r v i s o r y  p a n e l  l o c a t e d  a t  t h e  m a i n t e n a n c e  c e n t e r  
(equipment  roon )  where  around-the-clocl.:  a t t e n d a n c e  i s  aLra i l ab l e ,  a n d / o r  a t  t h e  
tower  cab i n  sr :al .Ler  a i r p o r t s .  When a  f a i l u r e  o c c u r s ,  a lamp on t i>e p a n e l  i l l u n i -  
n a t e s ,  t h e r e b y  n o t i f y i n g  p e r s o n n e l  of  a  m a l f u n c t i o n  s o  t h a t  p r o p e r  a c t i o n  can  be 
t a k e n  t o  c l e a r  t h e  fau1.t.  A c o n t r a c t  was awarded i n  1981 f o r  i n s t a l l a t i o n  and  
p r o v i s i o n  of  equipment  which w i l l  p r o v i d e  remote  ma in t enance  m o n i t o r i n g  f o r  RCAG 
l o c a t i o n s .  An e x p a n s i o n  o f  t h i s  m o n i t o r i n g  s y s t e v  i s  p lanned  a t  o t h e r  remote  
s i t e s ,  depend ing  upon i n i t i a l  s a t i s f a c t o r y  r e s u l t s  and a v a i l a b i l i t y  o f  f u n d s .  

> ,  j . r a i n t e n a n c e  I n t e . r c o s r ? u ~ i c a t i o n  S y s t e r .  fi. r e c e n t  s i t e  s u r v e y  of FAA 
f a c i l i t i e s  revea.Led t h a t  t h e  c o n m e r c i a l  telephone:; l o c a t e d  i n  t h e  t o w e r ,  ATCT 
equipment  room, and r emote  s i tes  were  t h e  p r i m a r y  means of c o ~ m u n i c a t i o n s  a v a i l a b l e  
t o  c o o r d i n a t e  ma in t enance  a c t i v i t i e s .  R e l i a n c e  on t h e  t e l e p h o n e  sys t em f o r  n a i n -  
t e n a n c e  of F a i l - s a f e  corrmunica t i o n s  i s  hard1.y the ul t i m  t e  s o l u t i o n .  S i n c e  r e l i -  
a b i l i t y  of  c o n ~ u n i c a t i o n s  i s  s o  e s s e n t i a l  t o  y . a in t enance  a c t i v i t i e s ,  r e L b n c e  
s h o u l d  no t  be p l a c e d  on t h e  t e l e p h o n e  s y s t e n  f o r  t h e s e  a c t i v i t i e s .  It is  recon-  
mended t h a t  t h e  prir::ary m a n s  o f  c o n n u n i c a t i o n s  be v i a  a two-way i n t e r c o m  o r  radj .0 
s y s  t e n ,  wheu a p p l i c a b l e ,  b ~ i t h  s t a t i o n s  connec t ed  on a fill  1- t ime p a r t y  l i n e  b a s i s .  
The c o r m e r c i a l  t e i ep l ?nne  s y s t e r  s h o u l d  be  m a i n t a i n e d  a s  a  backup i n  c a s e  o f  i n t e r -  
com f a i l u r e .  

b. Eserg,ency Communication Equipment .  E ~ e r s e n c y  a i r - t o - g r o u n d  conmlnica-  
t i o n s  a r z  p r o v i d e d  hy uhf and vh f  t r a n s c e i v e r s .  Xeno te ly  c o n t r o l l e d  t r a n s c e i v e r s  
a r e  used t o  s u p p o r t  ARTCC L o c a t i o n s .  P o r t a b l e  t r a n s c e i v e r s  a r e  u sed  t o  s u p p o r t  
ATCT a n d  FSS l o c a t i o n s .  Such e n e r g e n c y  equipment  is tised t o  i n s i l r e  c o n t i n ~ ~ o u s  
(PO-break)  s e n r i c e  i n  t h e  e v e n t  of  ca t a s  t r o p l i i c  f a i l u r e s  of  p r i m a r y  and s e c o n d a r y  
s y s  ter.:s. i d e a l l y ,  t h e  p o r t a b l e  t r a n s c e i v e r s  s h o u l d  have  s e l f - c o n t a i n e d  h a  t t e r y  
p a c k s ,  a n t e n n a s ,  and d i g i t a l  r e a d o u t  of f r e q u e n c y .  It si:oclc! be p o s s i b l e  t o  
i n s t a l l  t h e s e  u r . i t s  i n  a  v e h i c l e  t h a t  can  q u i c k l y  move away  fro^;: t h e  t ower  and 
e s t a b l i s h  c o m u n i c a t i o n  c h a n n e l s  f o r  c o n t r o l  of a i r  t r a f f i c  i n  t h e  e v e n t  o f  t o t a l  
f a i i u r e  of to \<er  cab  f a c i l i t i e s ,  bomb t h r e a t s ,  o r  o t h e r  e m e r g e n c i e s .  ? .e!mtelv 
tuned  t r ' 5 n s c e i v e r s  used i n  s u p p o r t  o f  A K T C C  l o c a t i o n s  a r e  1.oca t e d  a t  s i t e s  o t h e r  
t h a n  t!:ose :hat s u p p o r t  p r i m r y  and s e c o n d a r y  s?s t e x s .  

1 .  r l e c t r i c a l  Power P o l i c y .  The l a t e s :  e d i r i o n s  of O r d e r s  6030.20 and 
6950 .2  e s t a b l i s h  pol  i c y  and  p r o v i d e  i x p l e r r e n t a t i o n  gu idance  f o r  e l e c t r i c a l  p c v e r  
sys tcrrs s u p p o r t i n g  ?:AS. These  o r d e r s  d e s i g n a t e  a i r p o r t s  which m:s t he  p r o v i d e 2  
w i t h  c o ~ i t i n i ~ o ~ s  power and s p e c i f y  t y p e s  of  s e r v i c e s  ( c o m e r c i a l ,  s t a n d b y  e n g i n e  
gene ra  t o r s ,  s:ani!by ixi (? :pry ,  etc. ) t o  be proviciec! f o r  eacll t ype  o f  Eaci li t y .  
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CHAPTER 4 .  TECHNICAL FACTORS AFFECTING 
AIR-GROUND COMMUNICATIONS 

SECTION 1.  PROPAGATION 

35. SCOPE. T h i s  s e c t i o n  i n c l u d e s  a  d i s c u s s i o n  of  vh f /uh f  p r o p a g a t i o n  t h e o r y ,  
a n t e n n a s ,  t r a n s m i s s i o n  l i n e s ,  n o i s e ,  i n t e r f e r e n c e ,  and methods  o f  e l i m i n a t i n g  
i n t e r f e r e n c e .  A d d i t i o n a l  i n f o r m a t i o n  on t h e s e  s u b j e c t s  c a n  be  found i n  t h e  FAA 
T e c h n i c a l  C e n t e r  R e p o r t  No. FAA-RD-71-76, VHF/UHF Ground/Air/Ground Communicat ions 
S i t i n g  C r i t e r i a ;  U l t r a  High F requency  P r o p a g a t i o n ,  H.R.  Reed and C.M.  R u s s e l l ;  a n d  
Order  , Antenna C o n f i g u r a t i o n  Handbook f o r  Te rmina l  and  En Route  F a c i l i t i e s  

3 6 .  PROPAGATION Z O N I N G .  

a .  G e n e r a l .  The p r o p a g a t i o n  p rob lems  i n v o l v e d  i n  v h f / u h f  s e r v i c e  r a n g e s  f o r  
a i r - t o - g r o u n d  and g r o u n d - t o - a i r  communica t ions  p r i m a r i l y  r e s u l t  from l o b e s  c a u s e d  
by t h e  i n t e r a c t i o n  be tween d i r e c t  and  g r o u n d - r e f l e c t e d  r a y s  as w e l l  as from a 
s y s t e m a t i c  d e c r e a s e  i n  f r e e - s p a c e  naximum r a n g e  w i t h  i n c r e a s i n g  f r e q u e n c y .  Ic 
a d d i t i o n ,  f a c t o r s  s u c h  a s  f r e q u e n c y ,  d i s t a n c e ,  a n t e n n a  h e i g h t s ,  c u r v a t u r e  o f  t h e  
e a r t h ,  a t m o s p h e r i c  c o n d i t i o n s ,  and  t h e  p r e s e n c e  o f  h i l l s ,  b u i l d i n g s ,  t r e e s ,  and  
g t h e r  o b s t r u c t i o n s  c a n  s e r i o u s l y  a f f e c t  and d i s t o r t  a t r a n s m i s s i o n  p a t h .  I n  t h i s  
s e c t i o c ,  p r o p a g a t i o n  a s p e c t s  of  vhf  f r e q u e n c i e s  from 100 t o  150 III?z and  uhf fre- 
q ~ e c c i e s  f r o n  225 t o  400 MHz w i l l  h e  of  main conce rn .  S i n c e  most r a d i o  pa t l l s  
canno t  b e  c o n s i d e r e d  t o  b e  f r e e - s p a c e  p a t h s ,  i t  is  n e c e s s a r y  t o  d e t e r m i n e  t h e  
e f f e c t  o f  p e r f e c t l y  f l a t  eart5,  and  then  t h e  e f f e c t  of  e a r t h  c u r v a t u r e .  O b s t r u c t e C  
p a t h s  a r e  not  c o n s i d e r e d  d e s i r a b l e  and  n u s t  he avo ided  by s u i t a b l e  s i t i n g .  Tl~e  
ef f 2 c t  o f  o b s t r u c t i o n s  i n  t h e  t r a n s m i s s i o n  p a i h  w i l l  be cove red  l a t e r .  

Free-Space P r o p a g a t  i o n .  

(1) C o n s i d e r  t h e  t r a n s m i t t e r  and  r e c e i v e r  o f  a  communica t ions  s y s t e r  t o  
be i n  f r e e  s p a c e  u i t h  no ground o r  o ' o s t r u c t i o n s  i n f l u e n c i n g  t h e  p a t h  be tween them. 
Such a f r e e - s p a c e  t r a n s m i s s i o n  p a t h  would be  a  s t r a i g h t  l i n e  i ~ ?  a vacuum o r  i d e z l  
a t r o s p h e r e ,  and would be  s u f f i c i e n t l y  removed from a l l  o b j e c t s  t h a t  mig3t  a b s o r h  
o r  r e f l e c t  r a d i o  e n e r g y .  Under t h e s e  c o n d i t i o n s ,  s e v e r a l  well-known fundamen ta l  
r e l a t i o n s h i p s  e x i s t  be tween t r a n s m i t t e r  power, a n t e n n a  g a i n ,  f i e l d  s t r e n g t h ,  
r e c e i v e r  s e n s i t i v i t y ,  and  maximum range  of  communicat ions.  

( 2 )  The f i e l d  s t r e n g t h  due  t o  a  s o u r c e  v a r i e s  i n v e r s e l y  as t h e  d i s t a n c e  
from t h e  s o u r c e .  F u r t h e r m o r e ,  t h e  f i e l d  s t r e n g t l i  a t  a n y  p o i n t  i n  s p a c e  from an 
a n t e n n a  r a d i a t i n g  a g i v e n  amount o f  power w i t h  a  g i v e n  r a d i a t i o n  p a t t e r n  i s  
independen t  o f  f r e q u e n c y .  The f r e e - s p a c e  f i e l d  s t r e n g t h  ( i n t e n s i t y ) ,  E a t  a  

0 ' 
dis :ance ,  '3 x e t e r s ,  from a t r a n s m i t  a n t e n n a  i s  g i v e n  by: 

. 
W ~ I Z  re ? = r a d i a t e d  p o x a r ,  u a t t s  

G = power g a i n  r a t i o  of  t h s  trar;sixit  2nte::na 
2 = distant? f r o n  t h e  a a t e c n s ,  ~ i i e t ~ r s  
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The maximum power c o l l e c t e d  by a half-way d i p o l e  a n t e n n a  from a r a d i a t i o n  f i e l d  o f  
g i v e n  i n t e n s i t y  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  f requency.  I f  t h i s  
i n v e r s e  s q u a r e  Frequency r e l a t i o n s h i p  is combined w i t h  t h e  i n v e r s e  d i s t a n c e  r e l a -  
t i o n s h i p  o f  f i e l d  s t r e n g t h  e x p r e s s e d  i n  t h e  above  e q u a t i o n ,  t h e n  t h e  f r ee - space  
l o s s  v a r i a t i o n  w i t h  f r equency  and d i s t a n c e ,  e x p r e s s e d  i n  d e c i b e l s  between two 
ha l f -wave  d i p o l e  a n t e n n a s  o r i e n t e d  t o  e a c h  o t h e r  f o r  o b t a i n i n g  maximum t r a n s n i s -  
s i o n ,  i s  e x p r e s s e d  m a t h e m a t i c a l l y  a s  : 

where Lf = f r ee - space  p r o p a g a t i o n  l o s s ,  dB 

f = f r e q u e n c y ,  MHz 

D = d i s t a n c e .  s t a t u t e  m i l e s  

F o r  i s o t r o p i c  a n t e n n a s  t h i s  e q u a t i o n  becomes: 

L- = 36.6 + 20 l o g  f + 2 3  loglOC r 13 

F i g u r e  4-1 i s  a n  easy-to-use nomogram For  d e t e r m i n i n g  f r e e s p a c e  t r a n s m i s s i o n  l o s s  
be tween i s o t r o p i c  a n t e n n a s .  

(3) It f o l l o w s  from t h e s e  c o n s i d e r a t i o n s  t h a t  a l l  o t h e r  t h i n g s  b e i n g  
e q u a l ,  t h e  f  r e e - s p l c e  ~ a x i ~ u ~  range  f o r  a-g communica t ions  sys t ems  is  i n v e r s e l y  
p r o p o r t i o n a l  t o  f r equency .  

c .  P r o p a g a t t o n  Over Ssoo th  E z r t h .  The p r e s e n c e  of g r o u ~ . d  r o d i f i t s  t h e  
p r o ~ a g a t i o n  of  :i r a d i c  :cave s o  t h a t  t h e  r e c e i v e d  f i e l d  i c t e n s i t ; ~  is  ord i : la r i l ; -  l e s s  
t h a n  would be expec:cd i n  f r e e  s p a c e .  The ground a c t s  a s  a p a r t i a l  r e f l e c t o r  and 
a b s o r b e r ,  and bo th  oE t 'aess  p r o p e r t i e s  a f f e c t  t h e  d i s t r i b u t i o n  of  ene rgy  i n  t h e  
r e g i o n  above  t h e  e a r t h .  

(1)  Over a smooth s p h e r i c a l  e a r t h ,  t h e  s p a c e  wave a t  t h e  r e c e i v e  
a n t e n n a  is  composed of a d i r e c t  wave ( c o r r e s p o n d i n 2  t o  t h e  f r ee - space  wave) and 
a g r o u n d - r e f l e c t e d  wave. F i g u r e  4-2 shows t h e  p h y s i c a l  r e p r e s e n t a t i o n  of  t h e s e  
waves .  The space-;.:avs f i e l d  s t r e n g t h  is  t h e  v e c t o r i a l  s u c  of the d i r e c t  and 
g r o u n d - r e f l e c t e d  wave f i e l d s .  Fo r  100 p e r c e n t  r e f l e c t i o n  o v e r  3 p l a n e  s u r f a c e ,  
i t  would v a r y  b e t w e n  z e r o  and t w i c e  t h e  f r e e - s p a c e  value from l o b e s  i n  v e r t i c a l .  
c r o s s  s e c t i o n .  The p o s i t i o n s  of  t h e  l o b e s  would depend on t h e  an tenna  h e i g h t  
above  g round ,  f r equency ,  a n d ,  t o  a l e s s e r  e x t e n t ,  p o l a r i z a t i o n  and ?round con- 
s t a n t s .  F i g u r e s  4-3 through 4-8 i l l u s t r a t e  t h e s e  l o b e s .  

( 2 )  TLle coinmuilications s y s t e m  l o s s ,  assumed t o  be  6 dl? i n  f i g u r e s  4-3 
t h r o u g h  4-8, incli!;ies t h e  a n t e n n a - t o - t r a n s n i t t e r  c a b l e  l o s s ,  a n t e n n a - t o - r e c e i - ~ e r  
c a b l e  l o s s ,  a n t i  t h e  d e v i a t i o n  i n  a n t e n n a  g a i a  froiil t h a t  o f  a  d i p o l e .  

( 3 )  I:: t:.!? v h f / u h f  r e g i o n  of  t h e  r a d i o  s p e c t r u m ,  t r a n s a i s s i o n  i s  
t h r o u g h  t h e  atn?osp;isre,  and h e n c e ,  i o n o s p i ~ e r i c  phenomena, s o  i inpor tant  t o  long- 
r ange  conlmunication a t  t ; l=  lower f r e q u e n c i e s ,  do n o t  o c c u r .  Absorp t ion  by r a i n ,  
o r  o t l l e r  firr:ns of , L - r c i ! ) i t a t i o i l ,  o r  by  t h e  a t ~ ~ o s p h c r e  i t s e l f  is n e g l i g i b l e  a t  v h f /  
uh? f r e q u e n c i e s .  
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FIGURE 4-1. FREE-SPACE TRANSMISSION LOSS BETWEEN ISOTROPIC ANTENNAS 
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F I G U R E  4-2. D I R E C T  AND REFLECTED RADIO WAVES 
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F I G U R E  4-3. THEORETICAL VHF R A D I A T I O N  PATTERN, AIR-TO-GROUND COMMUNICATION 
OVER A SMOOTH S P H E R I C A L  EARTH. 139.14 MHz/sec. 
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FIGURE 4-4. EXPERIMENTAL VHF RADIATION PATTERN, AIR-TO-GROUND 
COMMUNICATION OVER LAND. 139.14 PfKz/sec. 
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FIGURE 4-5. THEORETICAL UHF RADIATION PATTERN, AIR-TO-GROUND COMMUNICATION 
OVER A SMOOTH SPHERICAL EARTH. 328.2 MHz/sec. 
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FIGURE 4-6. EXPERIMENTAL UHF RADIATION PATTERN, AIR-TO-GROUh3 
COMMUNICATION OVER LAND. 328.2 MHz/sec. 
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F I G U R E  4-7. THEORETICAL VHF RADIATION PATTERN, AIR-TO-GROUND C O W N I C A T I O N  
OVER WATER - SMOOTH S P H E R I C A L  EARTH MODEL. 243 MHz/sec. 
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F I G U R E  4-8. THEORETICAL UHF R A D I A T I O N  PATTERN,  AIR-TO-GROUND COMMUNICATION 
OVER WATER - SMOOTH S P H E R I C A L  EARTH MODEL. 396 MHz/sec. 
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(4)  The u s u a l  c o n c e p t  o f  r a d i o  waves is  t h a t  t h e  waves t r a v e l  i n  
s t r a i g h t  l i n e s  from t h e  t r a n s m i t  a n t e n n a  t o  t h e  r e c e i v e  a n t e n n a .  Such a n  assump- 
t i o n  may l e a d  t o  l a r g e  e r r o r s  and  c e r t a i n l y  w i l l  n o t  a c c o u n t  f o r  some of  t h e  seem- 
i n g l y  i m p o s s i b l e  r a n g e s  o b t a i n e d  i n  many i n s t a n c e s .  A p a r t  of t h i s  i n c r e a s e  i n  
d i s t a n c e  i s  b e c a u s e  o f  t h e  f a c t  t h a t  r a d i o  waves are b e n t  away from a s t r a i g h t  
l i n e  p a t h  by r e f r a c t i o n  i n  t h e  a t m o s p h e r e .  T n i s  c u r v a t u r e  o f  a r a y  p a t h  is  con- 
t r o l l e d  by  t h e  a n g l e  of  i n c i d e n c e  on t h e  r e f r a c t i n g  l a y e r  and  by  t h e  rate of  change  
of  t h e  r e f r a c t i v e  i n d e x ,  where t h e  r e f r a c t i v e  i n d e x  is a f u n c t i o n  of  t e m p e r a t u r e ,  
p r e s s u r e ,  and  m o i s t u r e  c o n t e n t  o f  t h e  a tmosphe re .  I n  a n o n s t a n d a r d  a tmosphe re ,  a 
sudden change  o r  d i s c o n t i n u i t y  i n  r e f r a c t i v e  i n d e x  w i t h  h e i g h t  may form a r e f l e c t -  
i n g  s u r f a c e  c a p a b l e  of  r e f l e c t i n g  a s i z a b l e  amount of  i n c i d e n t  e n e r g y ,  i f  t h e  
g r a z i n g  a n g l e  between t h e  wave and t h e  boundary  s u r f a c e  i s  s u f f i c i e n t l y  s m a l l .  
I n  a  s t a n d a r d  a t r o s p h e r e  t h e  n o r n a l  f i n i t e  change o f  r e f r a c t i v e  i n d e x  w i t h  h e i g h t  
a c t s  a s  a n  i n f i n i t e  number of  i n f i n i t e l y  s m a l l  boundary  l a y e r s ,  each  l a y e r  r e f l e c t -  
i n g  a n  i n f i n i t e s i m a l  amount of e n e r g y .  The n e t  r e s u l t  f o r  a r a d i o  wave p a s s i n g  
th rough  s u c h  a u n i f o r m l y  s t r a t i f i e d  a t m o s p h e r e  a t  a s m a l l  g r a z i n g  a n g l e  is t h a t  
t h e  wave i s  c o n t i n u o u s l y  robbed o f  m i n u t e  amounts  o f  e n e r g y  which a r e  l o s t  by  
r e f l e c t i o n .  

( 5 )  Radio  waves d e v i a t i n g  f rom a s t r a i g h t  l i n e  i s  a c o n d i t i o n  known as 
d i f f r a c t i o n .  \ .henever r a d i o  waves e n c o u n t e r  a n  o b s t r u c t i n g  o b j e c t ,  some o f  t h e  
e n e r g y  o f  t h e  wave is d i f f r a c t e d  a t  t h e  edge  and bends  a round  t \ e  edge .  This 
r e d u c e s  t h e  shadowing e f f e c t  o f  t h e  o b j e c t s  which are  opaque t o  r a d i o  waves,  as 
d i f f r a c t i o n  f i l l s  p a r t  of  t h e  shadow a r e a  w i t h  some e n e r g y  from t h e  wave. The 
cu rved  s u r f a c e  o f  t h e  e a r t h  is t h e  edge  o f  one  such  o h j e c t .  O t h e r  o b j e c t s  may be  
b u i l d i n g s ,  t r e e s ,  h i l l s ,  r soun ta ins ,  masts, and  s t r u c t u r a l  p a r t s  of  a  s h i p ,  o r  t h e  
wings ,  t a i l ,  o r  o t h e r  p a r t s  o f  t h e  a i r p l a n e .  I f  t h e  o b s t r u c t i n g  o b j e c t  i s  s m a l l  
and s u b t e n d s  o n l y  a s n a l l  a n g l e ,  as s e e n  frorn :he s o u r c e  o f  r a d i a t i o n ,  t h e  r e g i o n  
a t  a  c o n s i d e r a b l e  d i s t a n c e  beh ind  t h e  o b j e c t  may become f i l l e d  i n  and s u f f e r  l i t t l e  
o r  no s h a d o v i n g  e f f e c t .  C l o s e  t o  t h e  o b j e c t ,  however,  shadowing w i l l  be p r e s e n t .  
S ' , ~ a d o ~ i n g  due  t o  t h e  e a r t i l  c a u s e s  t h e  f i e l d  s t r e n e t i t  t o  d e c r e a s e  r a p i d l y  w i t h  
d i s t a n c e  beyond t h e  r a d i o  h o r i z o n .  

(6)  The problem o f  c a l c u l a t i n g  r a d i a t i o n  p a t t e r n s  a t  vhf  and u h f ,  t h e r e -  
f o r e ,  i n c l u d e s  c o n s i d e r a t i o n  o f  t h e  f o l l o w i n g  n o n t i n e - v a r y i n g  f a c t o r s :  

(a )  Gain  and d i r e c t i v i t y  of  ground and a i r b o r n e  a n t e n n a s .  

( b )  ' d e f l e c t i o n  and d i f f r a c t i o n  phenomena c l s s a c i a t e d  w i t h  t h e  
s u r f a c e  o f  t h e  e a r t h .  

( c )  R e f r a c t i o n  and r e f l e c t i o n  produced by nonhomogeneous r e g i o n s  o f  
t h e  a t m o s p h e r e  ( o t h e r  t h a n  t h e  i o n o s p h e r e ) .  

d .  I r r e g u l a r  T e r r a i n .  

( I )  For  s i m p l i c i t y  i n  f i g u r e  4-2, g round- re r ' l ec t ed  r a y s  a r e  shown t o  
o c c u r  a t  a  p o i n t .  A c t u a l l y ,  t h e  e n t i r e  s u r f a c e  o f  t h e  e a r t h  is i l l u m i n a t e d  and 
r a d i a t e s  e l e m e n t a r y  s a v e s  i n  a l l  d i r e c t  i o n s .  Over srnoot'a e a r t h ,  a t  any p a r t i c u l a r  
r e c e i v i n g  l o c a t i o n ,  t h e  r e s u l t i n g  i n t e n s i t y  o f  t h e s e  waves v e r y  n e a r l y  e q u a l s  t h a t  
or' t h e  waves r e f l e c t e d  f r o ~ n  w i t l i i n  a s m a l l  e l l i p t i c a l  a r e a  i n  t h e  ne ighborhood o f  
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t h e  r a y  r e f l e c t i o n  p o i n t  de t e rmined  by t h e  l a w s  o f  g e o m e t r i c  o p t i c s .  T h i s  e l l i p -  
t i c a l  area is  c a l l e d  t h e  f i r s t  F r e s n e l  zone.  The i n t e n s i t y  and p h a s e  r e l a t i o n s h i p s  
o f  t h e  r e m a i n i n g  waves r e f l e c t e d  from beyond t h e  f i r s t  F r e s n e l  zone v e r y  n e a r l y  
c a n c e l  e a c h  o t h e r  o u t .  The l e n g t h  of  t h e  r a y  p a t h  t o  t h e  edge  of  t h e  e n t i r e  f i r s t  
F r e s n e l  zone is  one-half  wavelength  l o n g e r  t h a n  t h e  g e o m e t r i c a l  r a y  p a t h .  The 
d imens ions  o f  t h i s  e l l i p t i c a l  a r e a  a r e  shown i n  f i g u r e  4-9 and are g i v e n  below: 

Z = +hcos  d + d h 2 c o s  28 + 4H h s i n  d 
,-, 

where  t h e  d imens ions  X, H ,  Y ,  Z ,  and W are e x p r e s s e d  i n  f e e t  and are a s  shown i n  
f i g u r e  4-9.  W a v e l e n g t h , )  , and a n t e n n a  h e i g h t ,  H, a r e  e x p r e s s e d  i n  f e e t ,  and 
r a d i a t i o n  a n g l e ,  d ,  i s  t h e  g r a z i n g  a n g l e .  W i t h i n  t h i s  zone ,  i r r e g u l a r i t i e s  i n  ter- 
r a i n  would b e  e x p e c t e d  t o  h a v e  t h e  g r e a t e s t  e f f e c t  on t h e  r e f l e c t e d  s i g n a l .  For  
l o w - r a d i a t i o n  a n g l e s ,  t h i s  a r e a  c o u l d  be  f a i r l y  l a r g e .  Fo r  example,  a vhf a n t e n n a  
mounted on a  75-foot  tower and o p e r a t i n g  on  125 MHz w i t h  a  2-degree r a d i a t i o n  a n g l e  
would r e s u l t  i n  a n  e l l i p s e  hav ing  t h e  f o l l o w i n g  d imens ions :  

X = 2 ,148  f e e t ,  Y = 1,170 f e e t ,  Z = 8 , 2 6 7  f e e t ,  and W = 262 f e e t .  

T h a t  i s ,  t h e  e l l i p s e  e x t e n d s  up t o  a  d i s t a n c e  of  8 ,267  + 2,148 = 10,415 f e e t  from 
t h e  f o o t  of  t h e  tower ,  o r  a p p r o x i m a t e l y  2  m i l e s .  

( 2 )  I n  g e n e r a l ,  t h e  e f f e c t  of  i r r e g u l a r i t i e s  i n  t h e  r e f l e c t i n g  ground 
s u r f a c e  c a u s e s  f i l l i n g - i n  of t h e  l o b e  minima and a  l e s s e r  development of t h e  l o b e  
maxirna. 

e. C l e a r a n c e  Over O b s t r u c t i o n s .  To c o m p l e t e  t h e  s t r e n g t h  of  a s i g n a l  a t  any 
p o i n t  i n  s p a c e ,  i t  i s  n e c e s s a r y  t o  c o n s i d e r  t h e  e f f e c t  o f  o b s t r u c t i o n s  i n  t h e  p a t h  
o f  t h e  d i r e c t  and r e f l e c t e d  waves. The wave e n e r g y  p a s s i n g  th rough  t h e  f i r s t  
F r e s n e l  zone s u r r o u n d i n g  t h e  d i r e c t  and r e f l e c t e d  waves c o n t r i b u t e s  t h e  maximum 
amount t o  t h e  s i g n a l  s t r e n g t h  a t  t h e  r e c e i v e  p o i n t .  C o n t r i b u t i o n s  from o t h e r  
F r e s n e l  zones  g r a d u a l l y  d i m i n i s h  and t o  some e x t e n t  c a n c e l  one  a n o t h e r .  Hence, t h e  
number of  F r e s n e l  zones  t o  be c o n s i d e r e d  i n  comput ing  s i g n a l  s t r e n g t h  i s  m a t t e r  

?h 
of  d i s c r e t i o n ,  depending  on t h e  a c c u r a c y  r e q u i r e d .  The boundary  of  t h e  n  F r e s n e l  
zone  c o n s i s t s  of  a l l  p o i n t s  on which t h e  pfkh  l e n g t h  d i f f e r s  from t h e  g e o m e t r i c a l  
r a y  p a t h  l e n g t h  by n / 2  wavelengths .  The n F r e s n e l  zone r a d i u s ,  i n  f e e t ,  f o r  any  
p o i n t  a l o n g  t h e  d i r e c t  o r  r e f l e c t e d  r a y  p a t h  i s  g i v e n  by  
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FIGURE 4-9. FRESNEL ZONES FOR DIRECT AND GROUND-REFLECTED RAYS 
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where 

f .  

n  = zone number 

f  = f requency ,  MHz 

D = t o t a l  p a t h  l e n g t h ,  s t a t u t e  m i l e s  

d  = d i s t a n c e  i n  s t a t g t e  m i l e s  of t h e  p o i n t  from t h e  an tenna  where t h e  
r a d i u s  of t h e  n  F r e s n e l  zone is  r e q u i r e d  ( s e e  f i g u r e  4-9) 

d  = D -  
2 d l ,  s t a t u t e  m i l e s .  

Antenna Heigh t  For A C l e a r  S i t e .  I n  de te rmin ing  t h e  an tenna  h e i g h t  f o r  a  
s i t e  having no o b s t r u c t i o n s ,  t h e  minimum h e i g h t  should  be chosen t h a t  p rov ides  t h e  
r e q u i r e d  maximum range  a t  low-elevat ion a n g l e s  and g a p l e s s  coverage a t  h i g h e r  
ang les .  The t echn ique  f o r  do ing  t h i s  i s  presen ted  i n  Order 6 6 3 0 . 3 ,  Antenna 
Conf igura t ion  Handbook f o r  Terminal  and En Route F a c i l i t i e s ,  Appendix 2. 

g. Transmiss ion Over O b s t r u c t i o n s .  

(1) The p reced ing  d i s c u s s i o n s  assume t h a t  t h e  e a r t h  i s  a  p e r f e c t l y  
smooth sphere .  E f f e c t s  caused by h i l l s ,  t r e e s ,  and b u i l d i n g s  a r e  d i f f i c u l t  t o  
compute, b u t  t h e  o r d e r  of magnitude of t h e s e  e f f e c t s  can be  determined from con- 
s i d e r i n g  a n o t h e r  extreme c a s e ,  t h a t  is ,  p ropaga t ion  over a  p e r f e c t l y  a b s o r b i n g  
knife-edge. The d i f f r a c t i o n  of p l a n e  waves over  a  knife-edge o r  s c r e e n  c a u s e s  a  
shadow l o s s  whose magnitude may be found from f i g u r e  4-10. Th is  nomogran assumes 
t h a t  ground r e f l e c t i o n s  do n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  t o t a l  r e c e i v e d  
s i g n a l .  

( 2 )  The h e i g h t  of an o b s t r u c t i o n ,  H ,  i s  measured from t h e  l i n e  j o i n i n g  
t h e  two an tennas  t o  t h e  t o p  of t h e  o b s t r u c t i o n ,  a s  i n d i c a t e d  i n  f i g u r e  4-11. 
Shadow l o s s  i s  n e g l i g i b l e  when t h e  l i n e  j o i n i n g  t h e  two an tennas  i s  w e l l  above t h e  
o b s t r u c t i o n  p rov id ing  a  c l e a r a n c e  of s e v e r a l  F r e s n e l  zones (H i s  n e g a t i v e ) .  The 
l o s s  g r a d u a l l y  i n c r e a s e s  u n t i l  i t  approaches  6  dB a s  H approaches  z e r o  ( g r a z i n g  
i n c i d e n c e ) ,  and i t  c o n t i n u e s  t o  i n c r e a s e  w i t h  i n c r e a s i n g  p o s i t i v e  v a l u e s  of H. 
Taking e a r t h  c u r v a t u r e  i n t o  c o n s i d e r a t i o n ,  H, i n  f e e t ,  i s  g i v e n  by 

r 1 

where HA = Height of an tenna  above mean s e a  l e v e l  (MSL) ,  f e e t  

H = Height  of a i r c r a f t  ANSL, f e e t  
B 

H = Height of o b s t r u c t i o n  AMSL, f e e t  
0 

d  = D i s t a n c e  of o b s t r u c t i o n  from a n t e n n a ,  s t a t u t e  m i l e s  1  
D = D i s t a n c e  of a i r c r a f t  from an tenna ,  s t a t u t e  m i l e s  

d  = D -  
2 

d l ,  s t a t u t e  m i l e s  

K = Equiva len t  e a r t h  r a d i u s  f a c t o r  ( u s u a l l y  taken a s  1.33 f o r  vhf and 
uhf bands)  
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FIGURE 4-10. SKADOW LOSS RELATIVE TO FREE SPACE 
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FIGURE 4-11. OBSTRUCTED RADIO PATH 
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I f  b o t h  t h e  d i r e c t  r a y  and t h e  g r o u n d - r e f l e c t e d  r a y  c l e a r  t h e  o b s t r u c t i o n  by 
s e v e r a l  F r e s n e l  z o n e s ,  v e r t i c a l  l o b e s  w i l l  o c c u r ,  and  f i g u r e  4-10 s h o u l d  n o t  b e  
u sed .  V e r t i c a l  l o b i n g  s h o u l d  b e  a n a l y z e d  as i n d i c a t e d  i n  O r d e r  6630 .3 ,  Antenpa 
C o n f i g u r a t i o n  Handbook f o r  T e r m i n a l  a n d  En Rou te  F a c i l i t i e s .  

h .  F a d i n g .  Fad ing  i s  d i f f i c u l t  t o  p r e d i c t  and  t h e  g e n e r a l  p r a c t i c e  a t  
microwave f r e q u e n c i e s  i s  t o  c o n s i d e r  f a d i n g  o n  a s t a t i s t i c a l  b a s i s ,  u s i n g  a  
R a y l e i g h  d i s t r i b u t i o n  t o  d e s c r i b e  t h e  s i g n a l  f l u c t u a t i o n s .  A t  t h e  lower  f r e -  
q u e n c i e s  w i t h  which we a r e  c o n c e r n e d ,  t h e  e f f e c t  o f  i n v e r s e  bend ing  and m u l t i p a t ? .  
which c a u s e  ~ i c r o w a v e  f a d i n g ,  a r e  much l e s s .  P u t t i n g  i t  a n o t h e r  way, f o r  t h e  sa-f  
a t m o s p h e r i c  a b n o r m a l i t y ,  t h e  e f f e c t  on  t h e  l ower  f r e q u e n c y  i s  l e s s  because  of t h e  
l o n g e r  w a v e l e n g t h .  F i g u r e  4-12 shows f a d i n g  r a n g e  a s  a  f u n c t i o n  o f  f r e q u e n c y  f o r  
9G, 99 ,  99 .9 ,  and 99.99 p e r c e n t  o f  t h e  t i m e .  A s  a f i r s t - o r d e r  a p p r o x i m a t i o n ,  t h e  
f a d i n g  r a n g e  can be v a r i e d  d i r e c t l y  a s  a  f u n c t i o n  o f  d i s t a n c e  b u t  n e v e r  exceed i r :  
t h e  Ray le igh  d i s t r i b u t i o n .  F i g u r e  4-12 h a s  been  p l o t t e d  f o r  t y p j c a l  30-to-40 rile 
10s p a t h s .  

37.  SYSTEM ENGINEEKING SAYPLE CALCULATIONS. 

a .  The pe r fo rmance  of  a n  a-g communica t ions  sys t em i s  b e s t  e x p l a i n e d  by 
r e a n s  of a  t y p i c a l  example .  To f i n d  t h e  p r o p a g a t i o n  r e E a b i l i t y  f a c t o r s  we c a n  
expecil f roc:  such  a  s y s t e m ,  t h e  f o l l o w i n g  a s s u m p t i o n s  a r e  r a d e  f o r  a  5 y p o t i : e t i c a l  
example : 

Ground t r a n s m i t t e r  power 10 w a t t s  
R e c e i v e r  i np i i t  i r p e d a n c e  59 0 1 ~ ~ s  
A i r b o r n e  r e c e i x 7 e r  s e n s i t i v i t y  8 7  dBs l e v e l  f o r  10 d B  S / : y  
C e n t e r  f r e q u e n c y  120 )!Hz 
Opera t i n p  r a n g e  4(! v i L e s  

LCS p a t h ,  exceT t  f o r  i n m e d i a t e  t r e e s  a n d / o r  b u i l d i n g s  which a r e  p r a z l ~ :  
t h e  10s i?at!i. The t r e e s  a r e  assurleti  t o  b l o c k  o r  a b s o r b  t h e  ? r o u n d - r e f l e c t e $  r a l - .  

F ree - space  l o s s  ( f i g u r e  4-1) 110 d B  

Shadow l o s s  ( f i ~ u r e  4-10) O dB 

T r a n s ~ i s s i o n  1 ine l o s s  ( a s su r l i np  
75-foot  tower  + l e a d - i n  ( a i r b o r n e  ij)) 
(See f i p r e  4-1L) 2 dB 

Hybr id  l o s s  ( i f  a l l o w e d )  

T o t a l  Loss  115 r1.8 

g ~ i r h o r n e  f e e d e r  l o s s  i s  c o n s i d e r e d  t o  he  n p g i i . g i b l r .  

Chap 4 
P a r  36 

. . 
Page  :: 



FIGURE 4-12. TYPICAL FADING IN WORST MONTH ON 30-TO-40 MILE 
LINE-OF-SIGHT PATHS 
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System Gains  

T r a n s m i t t e r  o u t p u t  (10 w a t t s )  

Antenna g a i n s  (bo th  e n d s )  

E f f e c t i v e  r a d i a t e d  power 

Received  c a r r i e r  l e v e l  = -115 + 4 0  = -75 dBm 

Fade margin  

b. F i g u r e  4-12 i n d i c a t e s  t h a t  a  s y s t e m  r e l i a b i l i t y  g r e a t e r  t han  9 9 . 9 9  
p e r c e n t  can be e x p e c t e d .  To a l l o w  f o r  e r r o r s  i n  c a l c u l a t i o n s  a n d  sys tem p a r a m e t e r  
a s s u m p t i o n s ,  and  f o r  g e n e r a l  d e t e r i o r a t i o n ,  i t  is  recommended tha t  a n  a d d i t i o n a l  
margin  o f  G dB be allowed o v e r  and a b o v e  t h e  f a d e  margin  r equ i r emen t  i n d i c a t e d  i n  
f i g u r e  4-12.  

38 .-39. RESERVED. 
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SECTION 2. ANTENNAS 

40. GROUND-BASED AIJTEMNAS. 

a .  C u r r e n t l y  u sed  v h f / u h f  a n t e n n a s  are o f t e n  s i m p l e  s t r u c t u r e s  s u c h  as 
d i p o l e s  o r  monopoles t h a t  do n o t  h a v e  much d i r e c t i v i t y .  S e v e r a l  r e q u i r e m e n t s  a re  
imposed on v h f / u h f  ground a n t e n n a s  u s e d  i n  communica t ions  w i t h  a i r c r a f t .  Such 
a n t e n n a s  a r e  u s u a l l y  r e q u i r e d  t o  h a v e  o m n i d i r e c t i o n a l  p a t t e r n s  i n  t h e  h o r i z o n t a l  
( a z i ~ u t h )  p l a n e .  I d e a l l y ,  t h e i r  p a t t e r n s  i n  t h e  v e r t i c a l  p l a n e  s h o u l d  b e  t a p e r e d  
t o  p roduce  a  un i fo rm f i e l d  f o r  a n  a i r c r a f t  f l y i n g  a  r a d i a l  c o u r s e  e i t h e r  d i r e c t l y  
toward o r  d i r e c t l y  away f r o v  t h e  ground s t a t i o n ,  a t  c o n s t a n t  a l t i t u d e .  Unfor tu-  
n a t e l y ,  t h e  ground p r o d u c e s  l o b e s  i n  t h e  p a t t e r n  which can  r e s u l t  i n  s i g n a l  drop-  
o u t s  o v e r  a  p a r t i c u l a r  p a t h ,  depend ing  on t h e  h e i g h t s  oE t h e  two a n t e n n a s ,  t h e  
d i s t a n c e  be tween t h e  a n t e n n a s ,  t h e  t e r r a i n  ci:a r a c t e  r i s  L i c s  a t  tilt! ground r e f l e c t i o n  
p o i n t ,  and  tile t r a n s m i t  f r e q u e n c y .  These  f a c t o r s  must b e  e v a l u a t e d  t o  a s s u r e  t h a t  
t h e  n u l l s  c r e a t e d  i n  t h e  a n t e n n a  p a t t e r n  w i l l  n o t  p e n e t r a t e  t h e  s e r v i c e  volume and 
t h a t  c o n t i n u o u s  ( o r  g a p l e s s )  communica t ions  c o v e r a g e  w i l l  be a c h i e v e d .  

h .  Tile a n t e n n a s  s h o u l d  e x h i b i t  b roadband c a p a b i l i t i e s  ( low v o l t a g e  s t e n 4 i n g -  
wave r a t i o  ( v s w r ) )  o v e r  t h e  FAA-specif ied f r e q u e n c y  bands .  S i t i n g  s h o u l d  p r e f e r -  
a b l y  b e  i n  a r e a s  r e l a t i v e l y  v o i d  o f  l a r g e  m e t a l l i c  b o d i e s  o r  l i n e s  t h a t  would 
p roduce  u n d e s i r a b l e  p e r ~ u r l d t i o n s  i n  t h e  h o r i z o n t a l  p a t t e r n  due t o  r e f l e c t i o n  and 
s c a t t e r i n g .  S p e c i f i c  s i t i n g  p r a c t i c e s  f o r  ground a n t e n p a s  i n c l u d e :  

(1) U n o b s t r u c t e d  p r o p a g a t i o n  p a t h s  d o m  t o  an e l e v a t i o n  a n g l e  of 2 
d e z r e e s  above t h e  h o r i z o n ,  i n c l u d i n g  f u t u r e  v e g e t a t i o n  g rowth .  

( 2 )  LOS p a t h s  t o  a l l  t a x i w a y s ,  r a p p s ,  and runways.  

( 3 )  X i n i ~ u n  s p a c i n g  of  8 f e e t  be tveer ,  t r a n s n i t  o r  r e c e i v e  a n t e n n a s .  

( M i n i o u r  s p a c i n g  of 30 f e e t  Se tween  t r a n s m i t  and r e c e i v e  a n t e n n a s  i f  
a C j a c e n t  c o l l o c a t e d  f r e q u e n c i e s  d i f f e r  by ! :,iiiz a r  l e s s .  

( 5 )  Ghe re  t h e  C o r  8 2  f e e t  s e p a r a t i o n  c a n n o t  b e  met, t h e  a s s o c i a t e d  
a n t e n n a s  s h a l l  be as f a r  a p a r t  a s  p o s s i b l e .  

a .  A t  l o w - a c t i v i t y  c o n t r o l  t o w e r s ,  b o t h  t r a n s r l i t  and r e c e i v e  a n t e n n a s  pay  be 
mounted on  t h e  r o o f  o f  t h e  c a b ,  a l t h o u g h  t h e  p r e f e r r e d  p r a c t i c e  is  t o  s e p a r a t e  t h e n  
by mount ing  e i t h e r  t h e  t r a n s m i t  o r  r e c e i v e  a n t e n n a s  on t h e  cab  roof  and  t h e  o t h e r  
( r e c e i v e  o r  t r a n s n i t )  on t o v e r s  l o c a t e d  a f i x e d  d i s t a n c e  ( 8 3  f e e t  minimum) =roil: t h e  
c o n t r o l  t o w r .  Antennas  l o c a t e d  a t  remote  s L t e s  ( r emote  t r a n s m i t t e r ,  rernote 
r e c e i v e r ,  RTR, and  RCAG) a r e  mounted on s t e e l  t o w e r s  h a v i n g  h e x a g o n a l  p l a t f o r n s .  
The a n t e n n a  h e i g h t s  above  ground s h o u l d  5e d e t e r m i n e d  or? t h e  b a s i s  of  p r o v i d i n g  
g a p l e s s  c o v e r a g e  a s  p r e s e n t e d  i n  O r d e r  6630.3  , Antenna C o n f i g u r a t i o n  iiandbook f o r  
Teri i i inal  anci Cn 2 o u t e  F a c i l i t i e s ,  Appendix 2 .  
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b.  To r e d u c e  t h e  number o f  a n t e n n a s  r e q u i r e d  a t  a f a c i l i t y  and  a l s o  t o  a v o i d  
p o s s i b l e  i n t e r f e r e n c e  p rob lems ,  s e v e r a l  a l t e r n a t i v e s  are a v a i l a b l e .  One i s  t h e  
a p p l i c a t i o n  o f  a n t e n n a  c o u p l e r s  ( m u l t i c o u p l e r s  and  h y b r i d s ) ,  w h i l e  a n o t h e r  i s  t h e  
u s e  of s t a c k e d  a n t e n n a s .  More d e t a i l s  on m u l t i c o u p l e r s  a re  p r e s e n t e d  i n  p a r a g r a p h  
68. The s t a c k e d  a n t e n n a  i s  a new c o n c e p t  i n  ground-based a n t e n n a s  a p p l i c a b l e  t o  
a i r  t r a f f i c  c o n t r o l  c o n n u n i c a t i o n s  i n  t h e  vh f  and  uhf  bands .  S t acked  a n t e n n a  
a s s e m b l i e s  i n c o r p o r a t e  one  o r  more vh f  o r  uhf  d i p o l e  a n t e n n a s  a r r a n g e d  i n  a 
c o l l i n e a r  manner. A v a i l a b l e  u n i t s  i n c l u d e  v h f ,  u h f ,  v h f / v h f ,  v h f / u h f ,  and  u h f l u h f .  
Each d i p o l e  w i t h i n  t h e  m u l t i p l e - u n i t  s t r u c t ~ ~ r e  is o p e r a t e d  i n d e p e n d e n t l y  w i t h  a  
h i g h  d e g r e e  o f  i s o l a t i o n .  T h i s  e l i m i n a t e s  o r  min imizes  t h e  need t o  h o r i z o n t a l l y  
d i s p e n s e  s e v e r a l  a n t e n n a s  i n  a  g i v e n  i n s t a l l a t i o n .  Thus, t h e  p e n a l t y  of l a r g e  
s t r u c t u r e s ,  h i g h  i n t e r a c t i o n ,  and  m u t u a l  d i s t u r b a n c e  o f  r a d i a r i o n  c h a r a c t e r i s t i c s  
i s  e l i m i n a t e d .  A l l  d i p o l e  e l e m e n t s  o p e r a t e  w i t h o u t  r e t u n i n g  o v e r  t h e  e n t i r e  vhf  
(118 t o  136 NHz) o r  uhf (225 t o  400 XI!z) b a n d s .  

c .  Antenna p a r a m e t e r s  s u c h  a s  f r e q u e n c y ,  p o l a r i z a t i o n ,  and t y p e  of r a d i a t i o n  
p a t t e r n  d e t e r m i n e  t h e  s e l e c t i o n  o f  a n t e n n a s  t o  b e  u sed  f o r  a p a r t i c u l a r  a p p l i c a -  
t i o n .  G e n e r a l  p u r p o s e  a n t e n n a s  used  f o r  a-g communica t ions  a t  remote  i n s  t a l l a t  i o n s  
( r emote  t r a n s m i t t e r ,  r e n o t e  r e c e i v e r ,  R T R ,  K C A G )  i n c l u d e  t h e  c i r c u l a r l y  p o l a r i z e d  
s w a s t i k a ,  t h e  c o a x i a l  d i p o l e ,  a n d  d i s c o n e  t y p e s .  A l though  s w a s t i k a ,  c o a x i a l  
d i p o l e s ,  and  d i s c o n e  t y p e s  c o n t i n u e  t o  be  u s e d ,  t h e  new c o l l i n e a r  f a n i l y  o f  
a n t e n n a s  i s  p r e f e r r e d .  The new s t a n d a r d  a n t e n n a s  (TACO t y p e )  have  proven  t o  pro- 
v i d e  b e t t e r  com~vun ica t ion  c o v e r a g e  and o p e r a t e  u n d e r  more s e v e r e  w e a t h e r  cond i -  
t i o n s .  An tennas  p r o v i d i n g  i n c r e a s e d  g a i n  may be r e q u i r e d  t o  p r o v i d e  a d d i t i o n a l  
c o v e r a g e  i n  some i n s t a n c e s .  

d .  The FAA a n t e n n a s  c u r r e n t l y  i n  u s e  i n c l u d e  d i s c o n e s ,  s w a s t i k a s ,  and 
c o a x i a l s ,  a s  w e l l  a s  t h e  new s t a n d a r d  a n t e n n a s  b e i n g  p r o c u r e d .  The new s t d n d a r d  
a n t e n n a s  cu r r e r . tLy  b e i n p  p r o c u r e d  a r e  d e s c r i b e d  i n  p r a g r a p h  42. A d d i t i o n a l  i q f o r -  
m a t i o n ,  i n c l u d i n g  p h y s i c a l  and e l e c t r i c a l  c h a r a c t e r i s t i c s ,  i s  p r o v i d e d  i n  Order  
6630.3 , Antenna C o n f i g u r a t i o n  Xandbook f o r  r e  r n - i ~ a l  and Cn Route F a c i l  i t i ~ s ,  
Appendix i .  The a n t e n n a s  d e s c r i b e d  a r e  m a n u f a c t u r e d  by TACO, S h e r b u r n e ,  New York. 
The e q u i v a l e n t  of  each  a n t e n n a  t y p e  i s  c u r r e n t !  y  a l s o  b e i n g  p r o c u r e d  fror? DEV, 
Y i n e r a  1 L!e 11s , Texas .  

42.  NEW STANDARD ARTEI\!!iL'A TYPES. The  fol Lowing p a r a g r a p h s  d e s c r i b e  t h e  a n t e n n a s  
p r e s e n t l y  b e i n g  p r o c u r e d  f  ron? TACO, S h e r b u r n e ,  1;ew York,  and  DHV I n c o r u o r a t e d ,  
P l i n e r a l  K e l l s ,  Texas .  

a .  TACO G-2276and CHVDPV-35 A n t e n n a s .  T h i s  t y p e  o f  a n t e n n a  c o n s i s t s  of a  
s i n g l e  vhf  e l e m e n t  o p e r a t i n g  i n  t h e  f r e q u e n c y  hand o f  118-136 EIHz. Tbe e l e m e n t  i s  
f e d  rh rough  t h e  c e n t e r  of t h e  l ower  h a l f  o f  t h e  dipo1.e. C u r r e n t s  a r e  choked o f f  
t h e  c o a x i a l  c a b l e  and I -oun t ing  p o l e  by u s e  c f  a q u a r ~ e r  wave c o a x i a l  s t u b  cor5i : led 
w i t h  f e r r i t e  c h o k i n g  on t h e  o u t s i d e  of t h e  c o x i z l  i n p u t  c a h l e .  The r e s u l t  i s  a 
c l e a n  donut -shaped  r a d i a t i o n  p a t t e r n .  T h e  a n t e n n a  p r o v i d e s  a nominal  50-ohrr 
t e m i n a  t i o n  inpedance  . 

b. TACO D-2277 and-DHV CPV-37 Antennas .  T h i s  t y p e  o f  a n t e n n a  c o n s i s t s  of a 
s i n g l e  uhf e l e r e n t  o p e r a t i n g  i n  t h e  f r e q u e n c y  band o f  225-400 > % z .  For  o p e r a t i o n a l  
d e t a i l s ,  r e f e r  t o  pa rag raph  422. 
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c .  TACO D-2272 and  DBV DPV-36 Antennas .  T h i s  t y p e  o f  a n t e n n a  c o n s i s t s  of  
two s t a c k e d  vh f  e l e n e n t s ,  o p e r a t i n g  i n d e p e n d e n t l y  i n  t h e  f r e q u e n c y  band o f  110- 
136 MHz. The u p p e r  e l e m e n t  i s  f e d  t h r o u g h  t h e  lower  e l e m e n t .  The u p p e r  e l e n e n t  
u t i l i z e s  a  qua r t e r -wave  c o a x i a l  choke conb ined  w i t h  f e r r i t e  c h o k i n g  t o  a v o i d  c u r -  
r e n t s  on t h e  o u t s i d e  o f  t h e  c o a x i a l  f e e d  c a b l e .  T h i s  r e s u l t s  i n  a c l e a n  donut -  
shaped r a d i a t i o n  p a t t e r n .  The l o v e r  d i p o l e  i s  i s o l a t e d  from t h e  c o a x i a l  f e e d  c a b l e  
o f  t h e  uppe r  a n t e n n a  by  u s e  o f  t h e  same a r r a n g e r e n t  t h a t  i s  used  t o  i s o l a t e  t h e  
upper  d i p o l e  frorr: i t s  own f e e d  l i n e .  T h i s  a r r angemen t  i s  i n v e r t e d  and  used  t o  
choke o f f  c u r r e n c s  on b o t h  c o a x i a l .  i n p u t  c a b l e s  a t  t h e  l o v e r  end o f  t h e  l ower  
d i p o l e .  Lri th t h e  c u r r e n t  s u p p r a s s e d  on t h e  o u t s i d e  of a l l  c o e x i a l  c a h l e s ,  c l e a n  
donut-shaped r a d  i a  t  ior! pa t  t e  rns a re o b t a i n e d  f o r  bo th  e l e n e n t s  . T?le s u p p r e s s i o n  
of t h e s e  c u r r e n t s  e n h a n c e s  i s o l a t i o n  t o  a t  l e a s t  30 dB be tween t h e  d e m e n t s .  3 0 t h  
e l e m n t s  p r o v i d e  a nominal  5G-ohm t e r n i n a t i o n  ivpedance .  

- d .  i A C O  E-2273 anci 1111?' 1!'L7-39 Antennas .  3 i s  type  of anrenil:: c o ~ s i s t s  o f  - -- A-.- 

t v c  s t a c k e d  r i e m e n t s .  L'ne e l e w e n t  i s  tile vhf  el-enent and t h e  o t h e r  i s  uhf e l e m e n t ,  
c o v e r i n g  tiic f r e q u e n c y  band o f  113-136 12iz and 225-460 Mliz, r e s p e c t i v e l y .  Fo r  
o p e r a t i o n a l  d e t a i l s ,  refer t o  p a r a g r a p h  42c .  

7 e .  TACO 2-2374 ar,? !)tiV 13iPV-38 Antennas .  LF?is type  of  a n t e n n a  c c n s i s t s  o f  -- . - -- 
t v o  uhf s t a c k e d  e i e r - e n t s ,  each c o v e r i ~ g  t h e  f r e q u e n c y  band c f  225-40C ?i!iz. Fo r  
o p e r a t i o p a l  6 e t a i  is, refer t o  p a r a g r a ~ h  42c .  

f ,  T A W  C-2261A-,I and  DhV 9PV-40 An tennas .  T h i s  ty?e of  o m i g a i n  a n t e n n a  -- 
c o n s i s t s  o f  vhf  c l e m e i ? t ( s )  a r r a n g e d  t o  p r o v i d e  a p p r o x i m a t e l y  4  dCi gaii; i.n t h e  

?n f r e q u e n c y  bar?? of 118-1 35 :Tz. ~ n e  a n t c n a a  p r o v i s e s  a nor?ir:a 1 5fi-olir;: t c r n : i n a t i o n  
i ~ p e d a n c e  ar?d e x i - i i h i t s  :I c l e a n ,  donut-shaped r a d i a  t i o n  p a t  t e r n .  

g. ' IACG Y!C)23-! 33': and D!;V YC-113 Antennas .  Dis  type o f  v!if Yzgi  a n t e n n a  - -.---------- --- 
o;)-?rc?tes i n  t h e  freqilenc:; hand o f  118-136 ;Cz. i: c o n s i c t s  o f  a :!riven e L e r ) e n t ( s ) ,  
c i i r e c t o r s ,  r i nd  r e f l e c  t ~ r s  t ~ h i c h  y r n v i d e  a u n i r l i r e c t  i0n.a 1 g.ain of  at l e a s t  10 d"n . 

d e s c r i b e d  aliove . 
4 3 .  ZSOI,ATI(>1< kiLrT\:F:i3:.' AXTEF'YAS. I11 p r a c t i c e ,  ,?ntcnna ra:!iati~n p:: t  t e r n s  d i f f e r  - -------- ----. -- 
f r o ~  r e f e r e n c e  pat:er::s ( f r e e - s p a c e )  r e s s u r e d  on t h e  antenn;.. r a n g e .  !,%en a n t e n n a s  
a r e  mmrit ed or: an t onnz  t n w e r . ~ ,  the r a d i a t i o n  c l 1 2 r 3 c t e r i s  t i c s  of t h e  a n t e n n a s  a r e  
a f f e c t e d  by t.he c l c s e  p r o x i ~ ~ i t y  of o t h e r  antennas ai?? 1)); t h e  nef:il toih'ers t h c : ~ -  
s e i v e s .  At :in? s i t e ,  <so!;? t i o n  hc tweer! antennas i s  3:: i s p c r t a n ? .  c o n s i d e r a  t ion i n  
r f  i n t e r f e r e n c e  p r o i i e ~ s  Seca1:se n o s t  f o t e r f z r e n c e  effects r-2 1 7  be r e l : i c ed  by 
i n c r e a s i n g ,  t h e  i s o l a  t  i c n .  The  rela t i o n s h i p s  h c  t xeen  -,7ert i c a  ! an:: h o r i z o n t a l  
s e p a r n t i o r  v e r s u s  i s a l a t i o r !  between a c t e n n a s  a r e  s h o w  i:! f i . p r c s  4- 1 3  and 4-14, 
r 2 s p e c t  i ~ ~ e l y .  

si?rLij,i t ransf(:':- i r ,  c.;.t.? i.~>eti \.;?I(?:! ti'.e trc?l?sr.:j : : ? r r i  ~ c . ( : P ~ T , : F :  ; i ? tc?n~i? i ;  i i s~ ' i 2  :'::(? s a v e  
p c l a r i z a t  i c n .  Con~:~r.c;e i .y,  2 I--:inir.u:: s i ~ ; r ? z  i is t r a i l s f e r r e d  l;?Cxsieerl i ! i ~ ; s i m i  Lor ly  
!;oiarizeC iAr;te.ni?;is ( \ i c r t i e a ?  nnd i ~ o r i z o n t a ? .  0 1 -  c]ock:cisc a,?(! c ~ ~ ~ ~ ~ t ~ r ~ i ~ c l . ; i , ; i s ~ ) .  
- .  
i t i ! i z l r : ~ ~  t ~ o  J i s s i r - i l a r i y  ~ : n ! a r i z r d  a n t e n n a s ,  t h e  :-A:\'s Tr:cil!?ic:.?i i:ept?f f o ~ ! n d  
. ; 5 $ 2  - i 7  : j - P J 5!.2~k~i:! v e r t i c ; ? l ! v  
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w i t h  a  s e p a r a t i o n  o f  10 f e e t .  When la tera l  s e p a r a t i o n  i s  a c o n s t r a i n t ,  i s o l a t i o n  
be tween a n t e n n a s  c a n  b e  i n c r e a s e d  i n  t h i s  manner. A s  was p r e v i o u s l y  w r i t t e n ,  
s t a c k i n g  is  a d e s i r a b l e  f e a t u r e  o f  t h e  new m u l t i d i p o l e  a n t e n n a s .  I s o l a t i o n  be tween 
u p p e r  and  l o w e r  a n t e n n a s  w i t h i n  a  s t a c k  i s  a t  l e a s t  30 dB. 

45. INCLEPlENT WEATHER EFFECTS ON ANTENNAS. 

a .  A t  f i e l d  s i tes ,  i c e  p o s e s  t h e  most  s e r i o u s  p rob lem f o r  a n t e n n a s .  The 
a c c u c u l a t i o n  o f  ice on t h e  a n t e n n a  e l e n e n t s  o r  i n s u l a t o r s  can  i n c r e a s e  a n t e n n a  vswr 
s u f f i c i e n t l y  t o  i m p a i r  t h e  r a d i a t i o n  e f f i c i e n c y .  Antennas  i n c o r p o r a t i n g  h e a t e r s  
have been  used  i n  a r e a s  where l a r g e  a c c u m u l a t i o n s  of  snow and i c e  damaged a n t e n n a s  
o r  caused  t empora ry  o u t a g e s  i n  communicat ion c o v e r a g e .  

b. P r a c t i c e s  and p r o c e d u r e s  t o  p r o v i d e  e f f e c t i v e  l i g h t n i n g  prote~, : , ; , ;  a r e  
d e s c r i b e d  i n  the la tes t  e d i t i o n  o f  Orde r  6950.19,  P r a c t i c e s  and P r o c e d u r e s  f o r  
L i g h t i n g  P r o t e c t i o n ,  Grounding ,  Bonding,  and S h i e l d i n g  I n p l e ~ e n t a t i o n .  Antencas  
c u r r e n t l y  b e i n g  p r o c u r e d  t h a t  do n o t  p r o v i d e  a  dc  s h o r t  a t  t h e  a n t e n n a  c o n n e c t o r  
a r e  equ ipped  w i t h  a g round ing  p o i n t  t o  p e r m i t  c o n n e c t i o n  of  a n  e x t e r n a l  AWG no.  6  
w i r e  f o r  p u r p o s e s  o f  l i g h t n i n g  p r o t e c t i o n .  

46 .-47. RESERVED. 
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FIGURE 4-13. ATTENUATION PROVIDED BY VERTICAL 
SEPARATION OF DIPOLE ANTENNAS - 

ATTENUATION PROVIDED BY VERTICAL SEPARATION OF DIPOLE ANTENNAS 

; , I ! ! I [ \ :  . . -. . - . . -. - -. . - 

I 1 I I l l . ?  
JO 1. 1 0  L O  7 0  1 0  .a I 

1 10 i o o  

Antenna Spacing in Feet 
(Measured between antenna centers) 

NOTE: ' h e  v a l u e s  i n d i c a t e d  by t h e s e  curves  a r e  approximate v a l u e s  beceuse  of 
coup l ing  which e x i s t s  between t h e  an tenna  a n d  tower t r a n s i ~ i s s i o n  l i n e .  Curves a r e  
based on  the use  of  nal fwave d i p o l e  a n t e n n a s .  T5e curves  a l s o  p r o v i d e  a c c e p t a b l e  
r e s u l ~ s  f o r  g a i n  type a n t e n n a s  i f  (a)  t h e  s p a c l r : ~  i s  peasure(! :?etr<een t k e  p?~ys icz - . ?  
c e n t e r s  of  t h e  a n t e n n a s  and (b) one an tenna  i s  ixounted d i r e c t l y  above t h e  o t h e r  
wi th  no h o r i z o n t a l  o f f s e t  ( e x a c t l y  c o i l i n e a r ) .  KO c o r r e c t i o n  f a c t o r  is r e q u i r e d  
f o r  the  an tenna  g 2 i n s .  
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F I G U R E  4-14. ATTENUATION PROVIDED BY HORIZONTAL 
SEPARATION O F  D I P O L E  ANTENNAS 

A T T E N U A T I O N  PROVIDED B Y  HORIZONTAL SEPARATION OF DIPOLE ANTENNAS 

Antenna Spacing in Feer 

130TC: Curves  a r e  b a s e d  o n  t h e  u s e  of  h a l f w a v e  d i p o l e  a n t e n n a s .  The c u r v e s  provide .  
a c c e p t a b l e  r e s u l t s  f o r  g a i n  t y p e  a n t e n n a s  i f  (2) t h e  i n d i c a t e d  i s o l a t i o n  is  reduced  
by t h e  sum of  t h e  a n t e n n a  g a i n s  and ( b )  t h e  s p a c i n g  be tween t h e  ga in  a n t e n n a s  i s  a t  
l e a s t  50 f e e t  ( a p p r o x i m a t e l y  t h e  f a r  f i e l d ) .  
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SECTION 3 .  TRANSMISSION LINES 

a .  The t r a n s m i s s i o n  l i n e  is  t h e  p r i m e  a u x i l i a r y  t o  a n  a n t e n n a  s i n c e  i t  is  
t h e  means f o r  c o n n e c t i n g  a  t r a n s m i t t e r  o r  r e c e i v e r  t o  a n  a n t e n n a .  C o a x i a l  l i n e s ,  
u n b a l a n c e d  t o  g round ,  a r e  p r e s e n t l y  u sed  i n  FAA a n t e n n a  s y s t e m .  One c o n d u c t o r  i s  
c o n c e n t r i c a l l y  c o n t a i n e d  w i t h i n  t h e  o t h e r ,  s e p a r a t e d  by a d i e l e c t r i c  and cove red  
w i t h  a  v i n y l  r e s i n  j a c k e t .  The i n n e r  c o n d u c t o r  i s  o f t e n  o f  s t r a n d e d  u n t i n n e d  
c o p p e r ,  w h i l e  t h e  d i e l e c t r l c  i n s u l a t i n g   ater rial is g e n e r a l l y  T e f l o n  o r  ~ o l y -  
e t h l y e n e .  The o u t e r  c o n d u c t o r  is a  b r a i d e d  c o p p e r  s h e a t h  o r  s h i e l d  which is 
n o r m a l l y  connec t ed  t o  grocnd t h r o u g h  t h e  a s s o c i a t e d  c o n n e c t o r  and i s  a n  i n t e g r a l  
p a r t  o f  t h e  c i r c u i t .  

b .  Type RG-214/L' c a b l e  i s  g e n e r a l l y  used  be tween t h e  a n t e n ~ a  and c o a x i a l  
j u n c t i o n  box a t o p  t h e  an t enna  tower  a t  r emote  s i t e s ,  and a l s o  f o r  i n t e r r a c k  c a b l i n g .  
Type RC-218/U i s  used  f o r  l ong ,  c o n t i n u o u s  c a b l e  r u n s  be tween t h e  a n t e n n a  j u n c t i o n  
box and  t h e  a n t e n n a  p a t c h  p a n e l  i n  t h e  equipment  b u i l d i n g .  

49.  CABLE DEFICIEKCIES. Connec to r  p i n  p u l l - o u t  c o u l d  r e s u l t  from t h e  u se  of s o r e  
t y p e s  of c o a x i a l  c a b l e s  a t  s i t e s  s u b j e c t  t o  e x t r e n e  t e v p e r a t u r e  changes ,  c a u s i n g  
d e f o r m a t i o n  o f  t h e  s o l i 6  dielectric. Ano the r  d e f i c i 2 n c p  a s s o c i a t e d  w i t h  c a b l e s  i n  
which  a  s i n g l e - b r a i d  s h i e l ?  is  used  i s  r e l a t i v e l y  n o r e  r f  l e a k a g e  t h a n  t b a t  a s s o c i -  
a t e d  w i t h  d o u b l e - s h i e l d e d  c a b l e s .  To overcome t h e s e  d e f i c i e n c i e s  and r educe  t r a n s -  
r r i s s i o n  l o s s ,  t h e  u s e  of  fcarr d i e l e c t r i c  c a b l e  v i t h  d o u b l e  shielding i s  reconmended. 

50.  TRAXSXISSICN LINE LOSS.  

a .  Loss  i n  a c o a x i a l  c a b l e  t r a n s n i s s i o n  Line  i s  a  f u n c t i o n  of  tile p h y s i c a l  
c o n s t r u c t i o n  of  t h e  c a b l e  i;i?d t h e  r f  f r e q u e n c y  a t  t:hich i t  is  used .  Typ ica l  l o s s e s  
f o r  v a r i o u s  c a b l e  t y y e s  & r e  shown i n  f i g u r e  4-15. 

FIGUKL A -  15. TYPICAL TBA?iSF?ISSTOP; L I N E  LOSS 
FOl: 120-FOOT LEP:CTES OP CABLE 

Frequency  C a b l e  Type L i n e  Loss i n  dR 

2.61 dl! 
1.38 dB 
1 . 0 5  d B  
0.68 dl? 
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Line losses can be estimated by considering that attenuation varies approximately 
as the square root of the frequency ratio and is directly proportional to the 
length of line. The formula to estimate loss is: 

where LE is the estimated loss in dB per 100 feet; L is the known loss in dB per C 
100 feet; F1 is the frequency at which the loss is to be determined; and F2 is the 
frequency at which the known loss occurs. For RG-213U, the attenuation of 100 feet 
of cable at 100 MHz is 2.2 dB. Therefore, the attenuation at 125 KHz is: 

This formula becomes less accurate with increase in frequency. 

b. The inherent transmission line losses of RG-213/U and RG-218/U neces- 
sarily limit the length of coaxial line required to connect an antenna to receive 
or transmit equipment. When the length of required cable is 100 feet or more, 
RG331/U or RG-333/U should be used for the major portion of the line, whether at 
vhf or uhf. The FAA permits the use of RG213/U (or equivalent) for the entire 
length of line only in those cases where RG-331/U or RG-333/U is not practical to 
use because of duct configuration or space limitations. 

5 1. FOAY DIELECTRIC CABLE. - --------- 

a. Foam dielectric cable consists of a high-conductivity copper inner con- - - ------ 
ductor encircled by a cellular polyethylene dielectric foam and an outer conductor 
consisting of a high-strength solid aluminum sheath. This cable will eliminate the 
deficiencies mentioned earlier and should be used for all future installations if 
its increased cost can be justified. 

b. Transmission losses for 100-foot lengths of RG-213/U, RG-218/U, and foan ------- 
(XG-331/U, RG-333/U) are indicated in figure 4-14. A plot of manufacturer's data 
for cable attenuation versus frequency is given in figure 4-15 for the above- 
mentioned cables, and related attenuation correction factors for temperature are 
provided for foam cable in figure 4-16. 

52. RESEKVED. ---- 
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FIGURE 4-16. TYPICAL TRANSMISSION LINE LOSS FOR 
100-FOOT LENGTHS OF CABLE 

T e s t  F r e q u e n c y  C a b l e  
(Iltiz ) Type 

L i n e  Loss  
(dB) 

Foam 1.4710.96 -!/ 
RC-2 18 /i' 1.95 

RG-2 13/l7 

Foam 

F i r s t  f i g u r e  r e ? r e s e n t s  a t  tencation f o r  RG-331/U; s e c o n d  f i p r e  
figure f o r  iG-333'T 
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6600. 23 

FIGURE 4-17. TYPICAL CABLE ATTENUATION CHARACTERISTICS 

1;ijENCY It4 MEGAHERTZ 

Chap 4 
P a r  5 1  Paee 51 



FIGURE 4-18. TYPICAL FOAM CABLE ATTENUATION CORRECTION FACTOR 
FOR TEMPERATURE 
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SECTION 4.  INTERFERENCE AhTD NOISE 

53. GENERAL. 

a.  The i n t e l l i g i b i l i t y  o f  a r e c e i v e d  s i g n a l  i s  l i m i t e d  by n o i s e ,  which ,  i n  
t h e  b r o a d e s t  s e n s e ,  i s  a n y  t y p e  o f  i n t e r f e r e n c e .  I n t e r f e r e n c e  c a n  b e  r e g a r d e d  a s  
n o i s e  r e s u l t i n g  f rom n a t u r a l  o r  man-made s t a t i c  d i s t u r b a n c e s  ( e i t h e r  d i s c o n t i n u o u s  
o r  c o n t i n u o u s ) .  D i s c o n t i n u o u s  d i s t u r b a n c e s  may o c c u r  r a t h e r  i n f r e q u e n t l y  a s  
i m p u l s e  n o i s e  o r  q u i t e  f r e q u e n t l y  a s  r andon  n o i s e .  

b. The n o i s e  t h a t  i s  of  m a j o r  c o n c e r n  f o r  t h i s  o r d e r  is r e f e r r e d  t o  a s  
r a d i o - f r e q u e n c y  i n t e r f e r e n c e .  It i n c l u d e s  t h o s e  c o n t i n u o u s  d i s t u r b a n c e s  r e s u l t i n g  
from s i g n a l  ha rmon ic s  r a d i a t i n g  on t h e  same o r  a d j a c e n t  c h a n n e l s  and h a r r o n i c s  o f  
o t h e r  t r a n s m i t t e r s  o r  o s c i l l a t o r s .  The main  s o u r c e s  of  i n t e r f e r e n c e  of v o s t  con- 
c e r n  t o  t h e  FAA a r e  t r a n s m i t t e r  n o i s e ,  t r a n s n i t t e r  s p u r i o u s  r a d i a t i o n s ,  t r a n s m i t t e r  
i n t e r m o d u l a t i o n ,  r e c e i v e r  d e s e n s i t i z a t i o n ,  r e c e i v e r  s e l e c t i v i t y ,  r e c e i v e r  s p u r i o u s  
r e s p o n s e s ,  and  r e c e i v e r  i n t e r m o d u l a t i o n .  

c .  Each t y p e  of  i n t e r f e r e n c e  c r e a t e d  by e x t r a - h a n d  r a d i a t i o n  from a  t r a n s -  
m i t t e r  r e s u l t s  i n  a  c o r r e s p o n d i n g  t y p e  o f  i n t e r f e r e n c e  g e n e r a t e d  i n  t h e  r e c e i v e r .  
The d e g r e e  of  i m p o r t a n c e  of  t r a n s m i t t e r  ex t r a -band  r a d i a t i o n  from t h e  s t a n d p o i n t  
o f  i n t e r f e r e n c e  p o t e n t i a l  is a  d i r e c t  f u n c t i o n  of  r e c e i v e r  p e r f o r ~ a n c e .  In  g e n e r a l ,  
r e c e i v e r  pe r fo rmance  i s  s u p e r i o r  t o  t r a n s m i t t e r  p e r f o r r a n c e  f o r  a l l  t y p e s  of i n t e r -  
f e r e n c e  e x c e p t  i n t e r m o d u l a t i o n .  Each t y p e  of  i n t e r f e r e n c e  w i l l  b e  e x a v i n e d  i n  t h e  
£01 l o v i n g  p a r a g r a p h s .  

54.  TRARSFITTER NOISE. L%en a t r a n s n i t t e r  i s  keyed ,  n o s t  o f  t h e  o u t p u t  power cE 
t h e  t r n n s v i t t e r  i s  c o n f i n e d  w i t h i n  a  n a r r o w  band o f  f r e q u e n c i e s  on  t h e  a s s i g n e d  
t r a n s m i t  c h a n n e l .  Hor.rever, some of t5is  power i s  a l s o  r a d i a t e d  on o t h e r  f r e -  
q u e n c i e s  above  and  below t h e  c a r r i e r  f r e q u e n c y .  T h i s  u n d e s i r e d  r a d i a t i o n  i s  
r e f e r r e d  t o  ~s t r a n s x i t t e r  n o i s e .  S u f f i c i e n t  n o i s e  e n e r g y  i s  r a d i a t e d  from 
t r a n s m i t t e r s  t o  d e g r a d e  t h e  p e r f o r m a n c e  ( d e s e n s i t i z a t i o n )  of  a  r e c e i v e r  o p e r a c i n g  
s e v e r a l  1IH.z a n d / o r  s e v e r a l  t housand  f e e t  awaj7. To t h e  r e c e i v e r ,  t r a n s m i t t e r  n o i s e  
a p p e a r s  a s  on -channe l  n o i s e  i n t e r f e r e n c e  and  c a n n o t  !;e f i l t e r e d  o a t  a t  t h e  
r e c e i v e r .  It f a l l s  e x a c t l y  on t h e  r e c e i v e r  o p e r a t i n g  f r e q u e n c y  and compet2s w i t h  
t h e  d e s i r e d  s i g n a l  b e c a u s e  t h e  r e c e i v e r  s e n s i t i v i t y  i s  r e d u c e d .  T r a n s ~ i t t e r  n o i s e  
i n t e r f e r e n c e  c a n  be  r educed  o r  minimized  by m a n s  of bandpass  c a v i t y  o r  n o t c h  
f i l t e r  d e v i c e s  i n s t a l l e d  a t  t h e  t r a n s m i t t e r .  

55. TRANSi.fITTEt< SPURIOUS ME l!AR.I*1O?TIC KADIATIOP:. 

a .  T r a n s m i t t e r  s p u r i o u s  and  h a r m o n i c  r a d i a t i o n s  a r c  e s s e n t i a l l y  narrow-band 
phenomena. Harmonics c f  t h e  c r y s t a l  o s c i l l a t o r  f r e q u e n c y  and  of  t h e  t r a n s m i t t e r  
o u t p u t  f r e q u e n c y  a r e  g e n e r a t e d  i n  t h e  f r e q u e n c y  m u l t i p l i e r  c i r c u i t s  and i n  t h e  
n o n l i n e a r  f i n a l  s t a g e  of most  t r a n s n i t t e r s  a n d ,  u n l e s s  a t t e n u a t e d ,  a r e  r a d i a t e d .  
S p u r i o u s  ( o r  p a r a s i t i c )  f r e q u e n c i e s  a r e  o f  t e n  g e n e r a t e d  by some r e s o n a n c e  c r e a t e d  
by s t r a y  i n d u c t a n c e s  a n d / o r  c a p a c i t a n c e s  somewhere i n  t h e  t r a n s m i t t e r .  Tnese  
f r e q u e n c i e s  a r e  u s u a l l y  i n c o h e r e n t  w i t h  t h e  d e s i r e d  f r e q u e n c y .  

b .  Low p a s s  f i l t e r s  i n  t h e  t r a n s v i s s i o n  l i n e  and  i r p r o v e d  r e c e i v e r  
s e l e c t i v i t y  pe r fo rmance  (by m a n s  o f  a b a n d p a s s  c a v i t y )  can  minimize a d v e r s e  
e f f e c t s  from ha rmon ic  and s p u r i c u s  r a d i a t i o n s  f r 3 ~  t r a n s ~ i  t ters .  
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56. TRAKSMITTER INTEWODULATION (IM). T r a n s m i t t e r  i m  p r o d u c t  i n t e r f e r e n c e  o c c u r s ,  
a t  a  communica t ions  f a c i l i t y ,  when two o r  more a s s i g n e d  f r e q u e n c i e s  p roduce  in 
p r o d u c t s  on  t h e  d e s i r e d  f r e q u e n c y  of o n e  o r  more a c t i v e  r e c e i v e  c h a n n e l s .  Manage- 
ment of  f r e q u e n c y  a s s i g n m e n t s  n o r m a l l y  a v o i d s  t h e s e  f r equency  c o m b i n a t i o n s  whenever  
p o s s i b l e .  However, t h e r e  is  a  f i n i t e  l i m i t  on  t h e  number o f  a v a i l a b l e  c h a n n e l  
f r e q u e n c i e s  f o r  any  s p e c i f i c  communica t ions  s e r v i c e  i n  any  FAA r e g i o n .  T h e r e f o r e ,  
t r a n s m i t t e r  i m  p r o d u c t  f r e q u e n c y  c o m b i n a t i o n s  c a n n o t  a lways  be  a v o i d e d .  

a. I n t e r m o d u l a t i o n  i n t e r f e r e n c e  s i g n a l s  g e n e r a t e d  i n  t h e  f i n a l .  a m p l i f i e r  o f  
a t r a n s f i i t t e r  u s u a l l y  i n v o l v e  one  o r  more o f f e n d i n g  s i g n a l s  e x t e r n a l  t o  t h e  t r a n s -  
m i t t e r  t r a v e l i n g  backward a l o n g  t h e  o u t p u t  c a b l e  f r o n  t h e  t r a n s m i t  a n t e n n a ,  r each -  
i n g  t h e  a m p l i f i e r  and combining  t h e r e  w i t h  e a c h  o t h e r  o r  w i t h  t h e  t r a n s m i t t e r ' s  
s i g n a l .  The r e s u l t a n t  i n t e r f e r e n c e  s i g n a l .   the^? t r a v e l s  back  on t h e  o u t p u t  c a h l e  
t o  t h e  a n t e n n a  t o  be r a d i a t e d .  I n  g e n e r a l ,  t h e  o u t p u t  a n p l i f i e r  i s  t h e  n o n l i n e a r  
component i n  which most  t r a n s m i t t e r  i n  p r o d u c t s  a r e  ~ e n e r a t e d .  However, any  non- 
l i n e a r  d e v i c e  c a n  be  a  mix ing  a g e n t  f o r  i m  p r o d u c t s .  These i n c l u d e  such  t h i n g s  
a s  l o o s e  o r  c o r r o d e d  j o i n t s  be tween two c o n d u c t o r s ,  o b s t r u c t i o n  l i g h t  f i l a m e n t s ,  
l i g h t n i n g  a r r e s t o r  b l o c k s  on t e l e p h o n e  l i n e s ,  and even  t h e  f r o n t  end of  t h e  
r e c e i v e r  i t s e l f .  

b. Fo r  two f r e q u e n c i e s ,  f and f 2 ,  i n  p r o d u c t s  a p p e a r  a s  t h e  s u a s  and d i f -  
1 

f e r e n c e s  of m u l t i p l e s  o f  f l  end r n a n e l y ,  a t :  2 ' 

where n  and m a r e  p o s i t i v e  i n t e g e r s .  The o r d e r  o f  t h e  i n  p roduc t  i s  t h e  suc n + m ,  
t h e  c o e f f i c i e n t s  of f l  and  f 7 .  - 

c .  The l e v e l  of  - i m  r n e r p y  r a d i z t e d  by s e v e r a l  t r a ~ s r i t t e r s  depenes  upon 
their p h y s i c a l  p r o x i ~ i t y ,  f r e q u e n c y  s e n a r a t i o c  o f  t h e i r  c a r r i e r s ,  a h s o l u t e  c a r r i e r  
l e v e l s ,  ar;d t h e  o r d e r  of  t h e  i n t e r r o d u l a t i o n .  U s u a l l y  t h i r d - o r d e r  p r o d u c t s  a r e  
most s e r i o u s ,  f c l l o w e d  by f i f t l x - o r d e r  p r c d u c t s .  

d .  The arnount of e n e r p y  coup lcd  be tween t r a n s m i t t e r  power a r r p l i f i e r  c i r c u i t s  
c a n  be  c o n t r o l l e d  by:  

(1) I n c r e a s i n g  the  s p a t i a l  s e p a r a t i o n  between a n t e n n a s .  

( 2 )  us in^ band r e j e c t  and b a n d p a s s  f i l t e r s  i n  t h e  o u t p u t  t r a n s r r , i s s i o n  
L i n e s .  

( 3 )  Using i s o l a t i o n  d e v i c e s  such  as f e r r i t e s  and h y b r i d  n e t w o r k s .  

57 .  RECEIVER DESE1.JSITIZATIQN. 

a .  The p r e s e n c e  of  an i n t e r f e r i n g  s i g n a l  i n  t h e  f r c n t  end ( r f  s t a g e s )  of  
a  r e c e i v e r  t e n d s  t o  r e d u c e  t h e  s e n s i t i v i t y  of  t h e  r e c e i v e r .  Tve s t r e n g t h  of t h e  
i n t e r f e r i n g  s i g n a l  n e c e s s a r y  t o  p roduce  t h i s  e f f e c t  i s  dependent  on t h e  f r e q u e n c y  
s p a c i n g  between i t  a ~ d  t h e  d e s i r e d  s i g n a l .  S i n c e  t h e  f r o n t  en+  of  t h e  r e c e i v e r  i s  
f r e q u e c c y  s e l e c t i v e ,  i t  cay n r t e n u a t e  a n  i n c o ~ i n e  s l p n a l  1 3 ~ -  g r e a t e r  a m o ~ n t s  a s  :lye 
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f r e q u e n c y  s p a c i n g  i s  i n c r e a s e d .  The d e g r e e  o f  d e s e n s i t i z a t i o n ,  t h e r e f o r e ,  
i n c r e a s e s  as t h e  f r e q u e n c y  s p a c i n g  i s  d e c r e a s e d  and  d e c r e a s e s  t o  a p o i n t  o f  no 
consequence  i f  t h e  f r e q u e n c y  s p a c i n g  i s  s u f f i c i e n t l y  i n c r e a s e d .  The e f f e c t  o f  
t h e  i n t e r f e r i n g  s i g n a l  i s  t o  r e d u c e  t h e  g a i n  o f  t h e  r f  a m p l i f i e r  s t a g e .  

h .  R e c e i v e r  d e s e n s i t i z a t i o n  o r  b l o c k i n g  c a n  be  minimized o r  e l i m i n a t e d  by  
means o f  f i l t e r s  i n s t a l l e d  a t  t h e  r e c e i v e r  t o  s h a r p e n  t h e  s e l e c t i v i t y  c h a r a c t e r -  
i s t i c  and t h u s  make t h e  r e c e i v e r  l e s s  r e s p o n s i v e  t o  o f f - f r e q u e n c y  s i g n a l s .  

58. KECEIVER SELECTIVITY. S e l e c t i v i t y  i s  t h e  a b i l i t y  o f  a  r e c e i v e r  t o  d i f f e r e n -  
t i a t e  be tween a  d e s i r e d  s i g n a l  and s i g n a l s  a t  o t h e r  f r e q u e n c i e s .  It  i s  a  measure  
of  t h e  bandpass  c h a r a c t e r i s t i c s  of  a  r e c e i v e r  a t  6  dB and s k i r t  s e l e c t i v i t y  a t  
60 dB, t h e  a t t e n u a t i o n  t a k e n  t o  i n d i c a t e  a d e q u a t e  d i s c r i m i n a t i o n  a g a i n s t  an  inti- Y-- 

f e r i n g  s i g n a l .  I t  i s  d e s i r a b l e  t o  have  t h e  b a n d v ~ i d t h  a t  69 dB down a s  nar row as 
p o s s i b l e  w i t h o u t  making t h e  6 dB passband  t o o  na r row f o r  s a t  i s  f a c t o r y  r e c e p t i o n  
of  a d e s i r e d  s i g n a l .  The r a t i o  of  bandwidth  a t  60 dB down t o  t h a t  a t  6 dB down i s  
r e f e r r e d  t o  a s  shape  f a c t o r .  

59. R E C E I V E R  SPURIOUS RESPONSE. 

a .  The most comEon n o n l i n e a r  d e v i c e  i n  which f r equency  n i x i n g  o c c u r s  i s  -- 
t h e  f r o n t  end o f  a r e c e i v e r .  I f  two o r  more s i ~ n a l s  o n  t h e i r  r e s p e c t i v e  f r e -  
q u e n c i e s  e n t e r  a r e c e i v e r ,  t h e  s i g n a l s  c a n  mix t o g e t h e r  i n  t h e  c i r c u i t r y  of  t h e  
r e c e i v e r  and p roduce  u n d e s i r e d  r e s p o n s e s  w i t h i n  t h e  r e c e i v e r .  I f  one of  t h e s e  
r e s p o n s e s  happens  t o  f a l l  on o r  n e a r  a  f r e q u e n c y  t o  which t h e  r e c e i v e r  i s  t u n e d ,  
t h i s  s p u r i o u s  s i g n a l  w i l l  be a u d i h l e  and o f t e n  i n t e L l i g i . h l e .  

b .  The g e n e r a t i o n  of s p u r i o u s  r e s p o n s e s  i n  r e c e i v e r s  can be p r e d i c t e d  frorr - - 
t h e  e q u a t i o n  : 

where 
%ii 

= s p u r i o u s  r e s p o n s e  f r e q u e n c y  

=! = h a r ~ o n i c  number of  t h e  i n c o n i n g  s i g n a l  i n v o l v e d  

I,G 
= l o c a l  o s c i l l a t o r  f r e q u e n c y  

P  = h a m . o n i c  nurrber o f  t h e  l o c a l  o s c i l l a t o r  f r e q u e n c y  invo lved  

IF = i n t e r ~ e d i z t e  f r e q u e n c y  

Responses  a r e  g e n e r a l l y  s t r o n g e s t  i n  a r e c e i v e r  when p = q = 1, which c o r r e s p o n d s  
t o  t h e  d e s i r e d  s i g n a l  and i t s  image f r e q u e n c y .  Va lues  p  a n d  o, o t h e r  t h a n  u i l i t y  
i n d i c a t e  n!ixing and h z r x o n i c s  r e s u l t i n g  i n  r e s p o n s e s  which a r e  genera1l .y l ower  i n  
a c p l i t u d e  though more numerous. A b a n d p a s s  f i l t e r  tuned t o  t h e  r e c e i v e r  f r e q u e n c y  
and i n s t a l l e d  be tween :he r e c e i v e r  and a n t e n n a  c a n  improve r e c e i v e r  s e l e c t i v i t y  and 
? r e v e n t  s p u r i o u s  r e s p o n s e s .  
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6 G .  RECEIVER I N .  

a .  R e c e i v e r  i n  i s  t h e  i n t e r f e r e n c e  l e v e l  which r e s u l t s  when two s i g n a l s  
combine i n  a  r e c e i v e r  t o  p roduce  a m u l t i t u d e  o f  p r o d u c t  s i g n a l s  due  t o  n o n l i n e a r  
e f f e c t s  i n  t h e  r e c e i v e r  which i n t e r f e r e  w i t h  t h e  d e s i r e d  f r e q u e n c y .  The most 
common annoyance  i s  t h e  t h i r d - o r d e r  i m  p r o d u c t  which o c c u r s  when two u n d e s i r e d  
s i g n a l s ,  f l  and  f combine t o  produce  i n t e r f e r e n c e  on t h e  d e s i r e d  f r e q u e n c y ,  2 ' 
i n  a manner such  t h a t  2 f  - f 2  = £ . I i igher  o r d e r s  t h a n  t h e  t h i r d  nay c a u s e  

£0 ' 
1  

i n t e r f e r e n c e  i n  r e c e i v e r s  b u t  a r e  Pess  f r e q u e n t .  To r educe  i r r  i n t e r f e r e n c e  i n  a  
r e c e i v e r ,  n o n l i n e a r i t i e s  i n  t h e  p r e s e l e c t o r ,  a n p l i f i e r ,  a n d / o r  n i x e r  r e s p o n s e s  must 
be c u r t a i l e d .  

b. F i l t e r s  can  be u sed  t o  r educe  o r  e l i ~ i n a t e  i r n  i n  a  r e c e i v e r  where t h e  
l e v e l  i s  h i g h  enoug'ii t o  c a u s e  o b j e c t i o n a b l e  i n t e  r f c r e n c e .  

61.-62. RESEKVEC. 
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SECTION 5. INTERFERENCE ELIII4INATION 

6 3 .  GENERAL. 

a .  P a r a g r a p h  5 3  d i s c u s s e s  v a r i o u s  t y p e s  o f  i n t e r f e r e n c e s  common t o  vhf/uhf 
a-g communica t ions  and  n o t e s  p o s s i b l e  ways t o  remedy t h e  i n t e r f e r e n c e .  The f o l l o w -  
i n g  p a r a g r a p h s  d e s c r i b e ,  i n  some d e t a i l ,  a n c i l l a r y  equipment  t h a t  i s  a v a i l a b l e  f o r  
min imiz ing  o r  e l i m i n a t i n g  i n t e r f e r e n c e  p rob lems  when i n a d e q u a t e  s p a c e  s e p a r a t i o n s  
e x i s t  be tween t r a n s m i t  and r e c e i v e  a n t e n n a s .  The i n c r e a s e  i n  e l e c t r i c a l  i s o l a t i o n  
t h a t  c a n  be  a c h i e v e d  w i t h  t h e s e  d e v i c e s  p r o v i d e s ,  i n  e f f e c t ,  i n c r e a s e d  a t t e n u a t i o n  
of u n d e s i r e d  f r e q u e n c i e s .  T h e r e  i s ,  i n  a d d i t i o n ,  a  d i s c u s s i o n  on equipment  f o r  
r e d u c i n g  t h e  number of a n t e n n a s  r e q u i r e d  a t  a  t r a n s m i t  o r  r e c e i v e  s i t e .  

b .  Although c e r t a i n  d e v i c e s  are  d e s c r i b e d  t h a t  a r e  e f f e c t i v e  i n  e l i v i n a  t i i i g /  
r e d u c i n g  i n t e r f e r e n c e  p rob lems  and  f o r  m i n i m i z i n g  a n t e n n a  r e q u i r e m e n t s ,  a p p l i c a t i o n  
of  t h e s e  d e v i c e s  f o r  u s e  i n  t h e  N a t i o n a l  A i r s p a c e  System w i l l  r e q u i r e  a  w a i v e r  from 
t h e  Communications and  S u r v e i l l a n c e  D i v i s i o n ,  APM-350, FAA H e a d q u a r t e r s ,  Washing- 
t o n ,  D . C .  D e  K a t i o n a l  A i r s p a c e  System P l a n  ca1l . s  f o r  c o n s o l i d a t i o n  of  coamunica-  
t i o n s  s i t e s  i n  a n  e f f o r t  t o  r e d u c e  c o s t s .  It i s  a n t i c i p a t e d  t h a t  c e r t a i n  d e v i c e s  
w i l l  become s t a n d a r d  e q u i p n e n t  and  t h e  r e q u i r e m e n t  f o r  w a i v e r s  w i l l  be r e s c i n d e d .  

6 4 .  COAXIAL C A V I T Y  FILTER. 

a .  The b a n d p a s s  c a v i t y  i s  a h i g h  Q r e s o n a n t  c i r c u i t  d e s i g n e d  t o  p a s s  a  
nar row band of f r e q u e n c i e s  w i t h  v e r y  l i t t l e  l o s s  w \ i l t ?  a t t e n u a t i n g  21 1 o t h e r  
f r e q u e n c i e s .  As t 5 e  f r e q u e n c i e s  a r e  f u r t h e r  renovetl  fro^:: t h e  r e s o n a n t  f r e q u e n c y  of  
t h e  c a v i t y ,  t h e y  becorne n o r e  a t t e n u a t e d .  The na r row band of  f r e q u e n c i e s  t h a t  p a s s  
t h rough  w i t h  o n l y  s l i g h t  l o s s  i s  w i t h i n  a few k i l o h e r t z  of t h e  c a v i t y ' s  r e s o n a n t  
f r e q u e n c y .  Energy i s  f e d  i n t o  t b e  c a v i t y  by r e a n s  of a  c o ~ ~ p l i n g  l o o p  v h i c h  e x c i t e s  
t h e  r e s o n a n t  c i r c u i t  fori2ed Fy t h e  i n n e r  and o u t e r  c o n d u c t o r s .  9 second  l o o p  
c o u p l e s  ene rgy  from t h e  r e s o n a n t  c i r c u i t  t c  t h e  o u t p u t .  The s e l e c t i v i t y  r e s p o n s e  
of t h e  c a v i t y  w i l l  g e n e r a l l y  improve  s i g n i f i c a n t l y  a s  t h e  c o u p l i n g  l o o p s  a r e  
c h a ~ g e d  t o  a  li.ig11er i n s e r t i o n  l o s s  a t  t h e  d e s i r e d  f r e q u e n c y  (frorr, 0 .5  dB t o  1 r i R ,  
e t c . ) .  Coup l ing  l o o p s  t h a t  c a n  he r o t a t e d  t o  a c h i e v e  d i f f e r e n t  i n s e r t i o n  l o s s  
s e t t i n g s  a r e  nucli more c o n v e n i e n t  t h a n  l o o p s  t h a t  must be  r e p l a c e d .  I f  a  s i n g l e  
c a v i t y  w i l l  n o t  p r o v i d e  s u f f i c i e n t  a t t e n u a t i o n  t o  a n  u n d e s i r e d  s i g n a l ,  a d d i t i o n a l  
c a v i t i e s  can  be  added  i n  s e r i e s  t o  improve  t h e  s e l e c t i v i t y  c h a r a c t e r i s t i c .  Note 
t h a t  a n u l t i c a v i t y  co rb ina : ion  i s  more e f f i c i e n t  t h a n  a  s i n g l e  c a v i t y .  F o r  e x n n ~ l e ,  
a t h r e e - c a v i t y  comhina:ion w i t h  e a c h  Loop set f o r  1 dl3 of  i n s e r t i o n  l o s s  (3 dB 
t o t a l  i n s e r t i o n  l o s s )  w i l l  have  a g r e a t e r  s e l e c t i v i t y  t h a n  a  s i n g l e  c a v i t y  w t t h  
l o o p s  s e t  a t  3 dB. 

h .  A bandpass  c a v i t y  t u n e d  t o  t h e  r e c e i v e  f r e q u e n c y  and i n s t a l l e d  be tween  
t h e  s n t e n n a  and a s s o c i a t e d  r e c e i v e r  will improve  t h e  r e c e i v e r s  s e l e c t i v i t y  con- 
s i d e r a b l y ,  The c a v i t y  w i l l  r e d u c e  o r  ~ i n i m i z e  o f f -E requency  s i g n a l s  t h a t  migh t  
o t h e r w i s e  p a s s  i n t o  t h e  r e c e i v e r ' s  fron:-end c i r c u i t s  t o  c a u s e  r e c e i v e r  d e s e n s i -  
t i z a t i o n ,  s p u r i o u s  r e s p o n s e s ,  o r  i m  i n t e r f e r e n c e .  A bandpass  c a v i t y  tuned t o  a 
t r a n s m i t  f r e q u e n c y  and i n s t a l l e d  be tween  a  t r a n s n i t t e r  a n d  a s s o c i a t e d  a n t e n n a  w i l l  
r educe  s p u r i c u s  and ha rmon ic  r a d i a t i o n s  a n d / o r  t r a n s m i t t e r  s i d e b a n d  n o i s e  t h a t  
p ig i l t  o t h e r w i s e  be  r a d i a t e d  from t h e  t r a n s m i t t e r  and  d e g r a d e  t h e  perforrrancci o f  a 
nea rby  r e c e i v e r .  The use of b a n d p a s s  c a v i t i e s  i n  the t r a n s m i t t e r  c i r c u i t  m y  also 
r educe  o r  77iniii:ize t r a n s m i t t e r  ir i n t e r f e r e n c e  s i n c e  a l l  o f  f - f r e q u e n c v  s i g n a l s  ? r m  
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o t h e r  n e a r b y  t r a n s m i t t e r s  w i l l  b e  a t t e n u a t e d  as t h e y  t r y  t o  p a s s  t h r o u g h  t h e  c a v i t y  
t o  t h e  t r a n s m i t t e r ' s  f i n a l  c i r c u i t s .  Where f r e q u e n c y  s e p a r a t i o n s  are  i n a d e q u a t e ,  
c o a x i a l  c a v i t i e s  c a n  i n c r e a s e  i s o l a t i o n  be tween t r a n s m i t  a n d / o r  r e c e i v e  a n t e n n a s .  

6 5 .  BAND-REJECT FILTERS. 

a .  The b a n d - r e j e c t  c a v i t y  f i l t e r ,  o r  n o t c h  f i l t e r ,  i s  a  h i g h  0 r e s o n a n t  
c i r c u i t  t h a t  a t t e n u a t e s  a na r row band of  f r e q u e n c i e s  w h i l e  a l l o w i n g  a l l  o t h e r  
f r e q u e n c i e s  t o  p a s s  t h r o u g h  w i t h  o n l y  s l i g h t  l o s s .  B a s i c a l l y ,  i t  is  t h e  o p p o s i t e  
o f  a band p a s s  c a v i t y .  F!axir;ium a t t e n u a t i o n  o c c u r s  a t  t h e  r e s o n a n t  f r e q u e n c y  o f  t h e  
f i l t e r  w h i l e  a l l  o t h e r  f r e q u e n c i e s  a r e  a t t e n u a t e d  t o  a  l e s s e r  d e g r e e ,  d e p e n d i n g  on 
t h e i r  d i s t a n c e  from t h e  r e s o n a n t  f r e q u e n c y .  The n o t c h  f i l t e r  p r o v i d e s  a  g i v e n  
a n o u n t  of a t t e n u a t i o n  a t  r e s o n a n c e  r e g a r d l e s s  of  t h e  s e p a r a t i o n  be  tween t h e  p a s s  
and r e j e c t  f r e q u e n c i e s .  Tfie f i l t e r  c a n  be  tuned s o  t h a t  t h e  n a r r o v  band o f  
r e j e c t e d  f r e q u e n c i e s  c a n  b e  s e v e r a l  n a g a h e r t z  f r o n  t h e  d e s i r e d  p a s s  f r e q u e n c y  o r  
q u i t e  c l o s e .  Xotch f i l t e r s  c a n  be  added i n  s e r i e s  t o  o b t a i n  a d d i t i o n a l  a t t e n u a t i o n  
t o  a n  u n d e s i r e d  f r e q u e n c y .  

b .  1;otcli f i l t e r s ,  a s  i n  t h e  c a s e  of t h e  bandpass  c a v i t y ,  c a n  be  u sed  w i t h  
t r a n s m i t t e r s  t o  r e d u c e  o r  min imize  t r a n s ~ i t t e r  n o i s e  r a d i a t i o n  and  t r a n s v i t t e r  
i m  i n t e r f e r e n c e .  They can  be  u sed  w i t h  r e c e i v e r s  t o  r e d u c e  o r  p r e v e n t  r e c e i v e r  
d e s e n s i t i z a t i o n  and t o  r e d u c e  o r  preTier.t r e c e i v e r  i~- i n t e r f e r e n c e .  V o ~ ~ e v e r ,  
repember  t h a t  a n o t c h  f i l t e r  p r o v i d e s  r axi1nui7 a t t e n u a t i o n  o n l y  a t  a  s p e c i f i c ,  
r e l a t i v e l y  na r row band of  f r e q u e n c i e s .  The s i n g l e  p o s t  i m p o r t a n t  f e a t u r e  of  a  
n o t c h  f i l t e r  i s  i t s  a b i l i t y  t o  r e j e c t  an  u n d e s i r e d  f r e q u e n c y  e x t r e m e l y  c l o s e  t o  
t F e  d e s i r e d  f r e q u e n c y .  

66.  RASEPASS CAVITY FILTER VERSUS IJOTCFI FILTER.  The c h o i c e  between a b a n d p a s s  
c a v i t y  f i l t 2 r  2nd a n o t c h  f i l t e r  t o  s o l v e  a  p a r t i c u l a r  i n t e r f e r e n c e  p r o h l e n  i s  
dependen t  o n  s e v e r a l  s y s  ten: f a c t o r s .  In g e n e r a l ,  t h e  io1lox:ing g t ~ i d e  l i n e s  a p p l y :  

a .  A bandpass  c a v i t y  f i l t e r  - is t h e  b e s t  c h o i c e  f o r  s o l v i n g  a n  i n t e r f e r e i i c e  
problem i f  t h e  n a t u r e  of  t h e  i n t e r f e r e n c e  a n d l o r  f r e q u e n c i e s  of  t h e  i r i t e r f e r i n g  
s i g n a l s  is  n o t  known. 

b. A n o t c h  f i l t e r  w i l l  g e n e r a l l y  p r o v i d e  g r e a t e r  a t t e n u a t i o n  t o  a n  u n d e s i r e d  
f r e q u e n c y  than  a b a n d p a s s  c a v i t y  f i l t e r  o f  c o n p a r a b l e  s i z e  when t h e  s e p a r a t i o n  
between d e s i r e d  and  u n d e s i r e d  f r e q u e ~ c i e s  is  l e s s  t \ a n  1 ?IHz on vhf  and 3 VXz on 
u h f .  

c .  A b a n d p a s s  c a v i t y  f i l t e r  g e n e r a l l y  p r o v i d e s  g r e a t e r  a t t e n u a t i o n  t o  an  
u n d e s i r e d  f r e q u e n c y  t h a n  a  n o t c h  f i l t e r  of comparable  s i z e  when t h e  s e p a r a t i o n  be- 
tween d e s i r e d  and  u n d e s i r e d  f r e q u e n c i e s  i s  g r e a t e r  t han  t h e  v a l u e s  ~ e n t i o n e d  i n  
i t e m  b. 

d .  A n o t c h  f i l t e r  can  b e  f i e l d - c o n v e r t e d  i n t o  a  b a n d p a s s  c a v i t y ,  o r  v i c e  
v e r s a ,  by a  m o d i f i c a t i o n  k i t .  Xore d e t a i l s  c a n  be o b t a i n e d  frorr t h e  n a n u f a c t u r e r .  

6 7 .  CRYSTAL FILTERS. These  f i l t e r s  a r e  used a s  f r o n t - e n d  f i l t e r s  f o r  vh f  communi- 
c a t i o n  a-g r e c e i v e r s .  The p h y s i c a l  c o n f i g i l r a t i o n s  a r e  d e s i g n e d  t o  a c c o r m o d a t e  
i n - l i n e  i n s  zsl l a t  i on  be  tween t h e  a r ? t e n n a s  a n d  r e c e i v e r s .  A t y p i c a l  d e s i g n  i n c o r -  
p o r a t e s  a  four-po1.e m n o l i t h i c  i n t e g r a t e d  c r y s t a l  f i l t e r  w i t h  a 3 d R  bandwid th  o f  
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19 kHz and  a  50 dB bandwid th  o f  80 kHz. I n s e r t i o n  l o s s  may b e  as h i g h  a s  6 dB b u t  
n o r m a l l y  i s  a r o u n d  4.5  dB. Whi le  f i l t e r s  of  t h i s  t y p e  are v e r y  e f f e c t i v e  i n t e r -  
f e r e n c e  e l i m i n a t o r s ,  t h e i r  i n h e r e n t  i n s e r t i o n  l o s s  may c a u s e  m i s s e d  c a l l s .  There-  
f o r e ,  t h e i r  u s e  may compromise s e r v i c e  t o  sone  e x t e n t .  

68. MULTICOUPLER. 

a .  The b a s i c  f u n c t i o n  o f  a  r e c e i v e r  m u l t i c o u p l e r  i s  t o  r e d u c e  t h e  number o f  
a n t e n n a s  a t  a  s i t e  by d i s t r i b u t i n g  t h e  a p p r o p r i a t e  r e c e i v e  f r e q u e n c i e s  f r o 3  a  
s i n g l e  a n t e n n a  t o  t h e i r  r e s p e c t i v e  r e c e i v e r s  ~ 5 t h  m i n i i n u ~  l o s s  and v e r y  l o w  i r r  
s i g n a l  g e n e r a t i o n .  An a c t i v e  r u l i c o u p l e r  c o n s i s c s  of  a p r e a m p l i f i e r  f o l l o w e d  by a 
d i s t r i b u t i o n  and  i s o l a t i o n  ne twork  which a? lo r ,~s  s i g n a l s  t o  p a s s  from t h e  a n t e n n a  
t o  any  r e c e i v e  p o r t s ,  b u t  a t t e n u a t e s  e n e r g y  p a s s i n g  b e t v e e n  a n y  p a i r  o f  r e c e i v e  
p o r t s  i n  o r d e r  t o  r e d u c e  f  ron t - end  r e c e i v e r  i n t e r r rodu la  t i o n  f r o m  a f f e c t i n g  ad j a c ~ r ! , .  
c h a n n e l s .  In. g e n e r a l ,  m u l t i c o u p l e r s  h a v e  e x c e l . l e n t  i s o l a t i o n  ( 4 C  dB minirnun) which 
p r e v e n t s  v a r i a t i o n s  i n  l o a d  impedance and k e e p s  l o c a  1 o s c i l l a  t o r  r a d i a t i o n  f  ron  
c o u p l i n g  i n t o  t h e  o u t p u t s .  I n t e r m o d u l a t i o n  d i s t o r t i o n  is  n e g l i g i b l e ,  a s  is  i n s e r -  
t i o n  l o s s .  I n  a d d i t i o n  t o  i n c r e a s i n g  t h e  i s o l a t i o n  be tween r e c e i v e r s ,  a  m u l t i -  
c o u p l e r  a l l o w s  a  r e c e i v e r  t o  be removed f r o n  s e r v i c e  w i t h o u t  i n t e r r u p t i n g  s e r v i c e  
t o  t h e  o t h e r  r e c e i v e r s .  With FAA's p r e s e n t - d a y  p r a c t i c e  o f  u t i l i z i n g  a  sing1.e 
a n t e n n a  w i t h  m u l t i p l e  r e c e i v e r s ,  removal  of  a r e c e i v e r  from s e r v i c e  c o u l d  i n t e r -  
r u p t  t h e  o p e r a t i o n  of  t h e  o t h e r  r e c e i v e r s .  

b. l j h i l e  t h e r e  i s  n o t  c u r r e n t l y  a  n a t i o n a l  s t a n d a r d  f o r  r e c e i v e  m u l t i -  
c o u p l e r s ,  r e c e n t  i n c r e e s e s  i n  t h e i r  a p y l i c a t i c n  i s  e x p e c t e d  t o  l e n d  t o  s r a n d -  
a r d i z a t i o n  and  p r o c u r e n e n t  hy n a t i o n a l  c o n t r ; ? c t .  T.li11ticoupIer u s e  i s  now, by 
w a i v e r  a p p r o v a l ,  i n  a c c o r d a n c e  w i t h  t h e  l a t e s t  e d i t i o n  o f  O r d e r  6000.20,  \ ,!aiver 
o f  C r i t e r i a  f o r  E s t a b l i s h r c e n t  and  Ma in t enance  of  Airway F a c i l i t i e s .  Rece ive  m u l t i -  
c o u p l e r s  u sed  i n  FAA s y s t e m  s h o u l d  p r o x ~ i d e  :I-? f o l l o w i n g  r i n i m u n  c h a r a c t e r i s t i c s  : 

Frequency  r a n g e :  

I n p u t / o u t p u t  vswr :  1 . 5 : l  rraxinun (wi th  a l l  p a r t s  t e r ~ i n a t e d )  

Xumber of  o u t p u t  p o r t s :  8 siniriium 

P o r t - t o - p o r t  i s o l a t i o n :  40 c ' h i n i m u m  

Gain  : 2  d2 i. 2 dB 

Koise  f i g u r e  : 8 d3  ~ a x i r n ~ r r  

S p u r i o u s  r a d i a t i o n s :  83  dF belot ;  i n p u t  
s i g m  l Leve 1  

3 rd  o r d e r  i n  l e v e l :  60 dBir down ~ in i rnu rn  

u ~ o  inclur ' .e f r o n t - ~ n c !  f i l t e r .  

Chap 4 
P a r  67  Paee  59 



RE i n p u t  l e v e l :  

RF i n p u t / o u t p u t  c o n n e c t o r s :  

Power i n p u t :  

S e r v i c e  l i f e :  

Env i ronmen ta l  ope r a t i n g  
t e m p e r a t u r e  

69 .-70. RESERVEC. -- 

Page 60 

+ 10 dBm o r  b e t t e r  

Type N female 

115 V a c  * 10 V a c ,  
26 V d c  2 4 V d c  

25 ,000  h o u r s  PfTRF 
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CHAPTER 5. RENOTE FACILITIES 

71. GENERAL. 

a .  Remote f a c i l i t i e s  are used  i n  t e r m i n a l  and  e n  r o u t e  
improve  communica t ion  c o v e r a g e ,  t o  r e d u c e  m u t u a l  i n t e r £  e r e n c e  
and  r e c e i v e r s ,  and  t o  improve  t h e  a p p e a r a n c e  o f  c o n t r o l  tower  

communica t ions  t o  
b e  tween t r a n s m i t t e r s  
b u i l d i n g s  by e l i m i -  

n a t i n g  o r  r e d u c i n g  t h e  l a r g e  number o f  a n t e n n a s  on  t h e  r o o f  o f  t h e  tower  cab .  

b .  Requ i r emen t s  f o r  r emote  f a c i l i t i e s  a r e  d e f i n e d  by t h e  la tes t  e d i t i o n  of 
FAA O r d e r  6510.4, Rad io  Communicat ions Requ i r emen t s  f o r  A i r  T r a f f i c  C o n t r o l  F a c i l i -  
t i e s .  Over t h e  p a s t  s e v e r a l  y e a r s ,  t h e  combined KTR s i t e  h a s  become t h e  p r e f e r r e d  
t y p e  of  r emote  f a c i l i t y .  F i g u r e  5-1 d e ~ i c t s  a t y p i c a l  remote  s i t e  l a y o u t  a p p l i c -  
a b l e  t o  r emote  t r a n s m i t t e r ,  r e m o t e  r e c e i v e r ,  a c d  RT,S s i t e s ;  a n d  i n  t h e  c a s c  of  
e n  r o u t e  communica t ions ,  a p p l i c a b l e  t o  a n  RCAG s i t e .  A 1 1  s i t e s  i n c l u d e  a n  equ ip -  
ment b u i l d i n g  and  a p p r o p r i a t e l y  spaced  (80 f e e t  minimum) s t e e l  a n t e n n a  t o w e r s  w i t h  
h e x a g o n a l  p l a t f o r m s .  I f  f i g u r e  5-1 r e p r e s e n t s  a  remote  t r a n s m i t t e r  s i t e ,  t h e  
equipment  b u i l d i n g  would house  t h e  n e c e s s a r y  vh f  and uhf r a d i o  t r a n s m i t t e r s ,  and  
a p p r o p r i a t e  vhf  and  uhf a n t e n n a s  would b e  a l t e r n a t e d  oil t h e  t o w e r s  as i n d i c a t e d .  
I n  t h e  c a s e  o f  a remote  r e c e i v e r  s i t e ,  t h e  b u i l d i n g  would h o u s e  r a d i o  r e c e i v e r s ,  
and  r e c e i v e  a n t e n n a s  would b e  mounted on t h e  t o w e r s .  F o r  RTR and  RCAG a p p l i c a -  
t i o n s ,  b o t h  t r a n s m i t  and  r e c e i v e  equipment  would h e  c o l l o c a t e d  i n  t h e  b u i l d i n g ,  and  
s e p a r a t e  t o w e r s  would be  d e d i c a t e d  t o  t r a n s m i t  and  r e c e i v e  a n t e n n a s .  T y p i c a l l y ,  
t o w e r s  1 a n d  3  would b e  f o r  t r a n s m i t  a n t e n n a s  and  2 and  4 f o r  r e c e i v e  a n t e n n a s .  
V i  t h  t h i s  l a y o u t ,  t h e  8 0 - f o o t  s e p a r a t i o n  h e t w e e n  a d j a c e n t  t r a n s m i t  and  r e c e i v e  
a n t e n n a s  s h ~ u l d  p r e c l u d e  e f f e c t s  o f  r e c e i v e r  d e s e n s i t i z a t i o n  w h i l e  a maxivum 
d i a g o n a l  s e p a r a t i o n  of  113  f e e t  be tween t r a n s ~ i t  a n t e n n a s  s h o u l d  t e n d  t o  r e d u c e  
t r a n s n i t t e r  i n t e r m o d u l a t i o n  i n t e r f e r e n c e .  

c .  R e c o t e  s i t e s  a r e  u n a t t e n d e d  and  l o c a t a d  a t  p o i n t s  i n  a  c o n t r o l  a r e a  t a  
p r o v i d e  a r e a u i d e  c o v e r a g e .  Xemote t r a n s m i t t e r ,  reriiote r e c e i v e r ,  a n d  RTR s i t e s  d r e  
u s u a l l y  located i n  z i r p o r t  p r o p s r t y  and  l i n k e d  t o  t h e  c o n t r o l l i n g  ATCT by means of 
FAA-owned v f  c a b l e s .  An BCAG is  a l m o s t  a l w a y s  l o c a t e d  beyond FAA p r o p e r t y  bounds- 
r i e s  a n d ,  t h e r e f o r e ,  i s  i n t e r c o n n e c t &  t o  t h e  c ~ u t r a l l i n g  ARTCC by a l e a s e d  v o i c z -  
g r a d e  c i r c u i t  owned and m a i n t a i n e d  by v a r i o u s  t e l e p h o n e  and  t e l e g r a p h  companies .  

d .  T h e r e  i s  a  s i g n i f i c a n t  i n c r e a s e  i n  cori i~nunicat ion c h a n n e l  r e q u i r s m e o t s .  
I n  o r d e r  t o  min imize  i n t e r f e r e n c e  and a l l o w  roore e f f i c i e n t  u s e  o f  t h e  a v a i l a b l e  
f r e q u e n c y  s p e c t r m ,  a power r e d u c t i o n  program was i n s t i t u t e d  i n  A p r i l  1975 (Orde r  
6619.3 ,  Power Output  T , imi t a t i on :  FSS,  T e r m i n a l  and Low-Al t i tude  En Rou te  VIIF and  
UHF T r a n s m i t t e r s )  f o r  vh f  and  uhf t r a n s r i t t e r s  i n s t a l l e d  i n  FSS, t e m i n a l s ,  a n d  
l o w - a l t i t u d e  e n  r o u t e  f a c i l i t i e s .  Ten-watt  power o u t p u t s  a r e  t o  b e  u sed  f o r  a l l  
a p p l i c a t i o n s  e x c e p t  where :  ( a )  r e q u i  r ed  c o v e r a g e  c a n n o t  be  a t t a i n e d ,  (5 )  when 
s e r v i n g  a  h i g h - a l t i t u d e  s e c t o r ,  o r  ( c )  where  t h e  r a d i u s  of s e r v i c e  volume e x c e e d s  
60  n a u t i c a l  m i l e s .  U a i v e r  a p p r o v a l s  a r e  r e q u i r e d  f o r  h i g h e r  o u t p u t s ,  u n l e s s  
s e r v i n g  ' ~ i g h - a l t i t u d e  s e c t o r  o r  s e r v i c e  volumes  e x c e e d i n g  60  n a u t i c a l  miles. 
F i f t y - w a t t  a m p l i f i e r s  a r e  i n  t h e  FAA d e p o t  s t o c k  t o  s u p p o r t  c o v e r a g e  a s  r e q u i r z d .  
Al though h i g h - a l t i t u d e  e n  r o u t e  f a c i l i t i e s  a r e  n o t  a f f e c t e d  by t h e  power r e d u c t i o n  
prograr , , ,  50-wat t o u t p u t s  a r e  pe r m i s s i b l e ,  and  indeed  e x p e c t e d  by t h e  A i r  T r a f f i c  
S e r v i c e .  Eiowever, where  s e c t o r s  a r e  s m a l l  and s a t i s f a c t o r y  c o v e r a g s  can  he  pro-  
v i d e d ,  t h e r e  1s n o  o b j e c t i o n  t o  t h e  llse o f  iG-watt p o c ~ e r .  A s  i n  t h e  p a s t ,  i t  i s  
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incumbent  upon t h e  A i r  T r a f f i c  S e r v i c e  t o  c o o r d i n a t e  a n t i c i p a t e d  changes  i n  s e c t o r  
b o u n d a r i e s  w i t h  Program E n g i n e e r i n g  and  Main tenance  S e r v i c e .  The impor t ance  o f  
t h i s  c o o r d i n a t i o n  is magn i f i ed  where  10-watt  power is c u r r e n t l y  u s e d ,  and  50  w a t t s  
d i c t a t e d  by new b o u n d a r i e s .  

72. REMOTE TRAXSMITTER SITE.  When a n  a i r p o r t  complex r e q u i r e s  a s i n g l e  remote 
f a c i l i t y ,  i t  is  n o r m a l l y  d e s i g n a t e d  t h e  t r a n s m i t t e r  s i te .  A t  n o n r a d a r  f a c i l i t i e s  
n o t  q u a l i f y i n g  f o r  l o o p  c a b l e s  ( r e f e r e n c e  t h e  l a t e s t  e d i t i o n  o f  Orde r  6510.4,  Radio 
Communicat ions acquirements f o r  A i r  T r a f f i c  C o n t r o l  F a c i l i t i e s ) ,  main t r a n s m i t t e r s  
w i l l  b e  l o c a t e d  a t  t h e  t r a n s m i t t e r  s i t e ,  and  some s t a n d b y  t r a n s m i t t e r s  (on non- 
i n t e r f e r i n g  f r e q u e n c i e s )  w i l l  be l o c a t e d  i n  t h e  c o n t r o l  t ower  equipment room. T n i s  
t e c h n i q u e  w i l l  improve c i r c u i t  r e l i a b i l i t y  s i n c e  c u t t i n g  o f  t h e  vf  i n t e r c o n n e c t  
c a b l e  would n o t  r e n d e r  a  Ll t r a n s m i t t e r s  u n u s a b l e .  

73. REMOTE RECEIVER SU" .  

a .  A r emote  r e c e i v e r  s i t e  is  n o t  s u g g e s t e d  u n l e s s  i t  is  n e c e s s a r y  t o  p r o v i d e  
a d e q u a t e  c o v e r a g e  o r  t o  e l i n i n a t e  n o i s e  a n d / o r  i n t e r f e r e n c e .  Two arguments  s u p p o r t  
t h i s  r a t i o n a l e :  (1) the c o s t  i n v o l v e d  i n  p r o v i d i n g  a  r emote  s i t e ,  and ( 2 )  t h e  f a c t  
t h a t  t he  c o n t r o l  tower  i s  u s u a l l y  t h e  h i g h e s t  s t r u c t u r e  on t h e  a i r p o r t ,  t h u s  pro-  
v i d i n g  t h e  b e s t  a n t e n n a  c o v e r a g e .  A t  nonapproach c o n t r o l  t o w e r s ,  a  p r e f e r r e d  
a n t e n n a  ar rangemei i t  is t o  'Locate t r a n s m i t  o r  r e c e i v e  a n t e n n a s  on t h e  cab roo f  and 
t o  mount t h e  o t h e r  a n t e n n a s  ( r e c e i v e  o r  t r a n s m i t )  o n  towers  l o c a t e d  8 0  f e e t   fro^ 
t h e  c o n t r o l  tower .  T h i s  c o n E i g u r a t i o n  p r o v i d e s  t h e  d e s i r e d  i n t e r f e r e n c e - f r e e  
operat in: ;  c h a r a c t e r i s  t i c s  and e l i m i n a t e s  t h e  need f o r  a  c o s t l y  remote r e c e i v e r  
s i t e .  O f  c o u r s e ,  a t  h ig i le r  a c t i v i t y  l e v e l  c o n t r o l  t owers ,  a remote r e c e i v e r  s i t e  
may be r e q u i r e d  t o  e l i m i n a t e  i n t e r f e r e n c e  and  p r o v i d e  b e t t e r  a r e a  c o v e r a g e ;  b u t  i n  
t h i s  c a s e ,  t h e  number o f  e q u i p ~ n e n t s ,  l e v e l  o f  a c t i v i t y ,  and  p r o h a b i l - i t y  o f  poor 
c a m m n i z a t i c n s  cay  j u s t i f y  t h e  c o s t  o f  a  remote  s i t e .  

b. A s  w i t h  t h e  t r a n s m i t t e r  s i t e ,  a  remote  r e c e i v e r  s i t e ,  w i t h o u t  l oop  - 
c a b l e s ,  s h o u l d  n o t  c o n t a i n  a1 L main and s t a n d b y  r e c e i v e r s .  Hain r e c e i v e r s  s h o u l d  
h e  i n s t a i l e d  a t  t h e  r e n o t e  s i t e ,  and  some s t a n d b y  r e c e i v e r s  s h o u l d  he. i n s t a l l e d  
i n  t h e  c o n t r o l  tower equi?-ent  room. 

74. F.TR SITE. The. RTR s i t e  i s  t h e  p r e f e r r e d  f a c i l i t y  r e l a t i v e  t o  s e p a r a t e  remote 
t r a n s m i t t e r  and remote r e c e i v e r  s i t es .  One a d v a n t a g e  of  a n  KT2 s i t e  is  t h a t  t h e  - 
t r a n s m i t  and r e c e i v e  pat5 t o  a n  a i r c r a f t  is  t h e  s a n e ,  t 5 e r e b y  e l i m i n a t i n g  t h e  
p o s s i b i l i t y  o f  m u l t i p a t h  e f f e c t s .  F u l t i p a t h  e f f e c t s  a r e  produced by t h e  s i n u l -  
t a n e o u s  r e c e p t i o n  o f  t h s  d i r e c t  wave, e a r t h - r e f l e c t e d  wave, ground wave ( g e n e r a l l y  
u n i m p o r t a n t  a t  f r e q u e n c i e s  above  a p p r o x i m a t e l y  100 and t h e  a t n o s p h e r i c  wave 
( i o n o s p h e r i c  and  t r o p o s p h e r i c ) ,  o r  a n y  c o m b i n a t i o n  o f  t h e s e  waves. For  d e t a i l e d  
i n f o r m a t i o n  on m u l t i p a t h  s i ' f e c t s ,  r e f e r  t o  i i l t r a  Xigh F requency  P r o p a g a t i o n  by 
Henry Ii. iieed and C a r l  ?I. R u s s e l l .  Ano the r  a d v a n t a g e ,  o f  c o u r s e ,  is  t h a t  t h e  RTR 
s i t e  c o s t  is  h a l f  o f  t h e  c o s t  o f  s e p a r a t e  r emote  t r a n s r r i t t e r  and r e n o t e  r e c e i v e r  
s i tes.  Three  RTR s i t e s  p r o v i d e  S r e a t e r  f l e x i b i l i t y  i n  r e d u c i n g  i m  p r o d u c t  i n t e r -  
f e r e n c e  e f f e c t s  t h a n  can  be o b t a i n e d  from two remote  t r a n s m i t t e r  and one  remote  
r e c e i v e r  s i t e .  T h i s  i s  accompl i shed  by d i s t r i b u t i n g  t h e  i m  p r o d u c t  g e n e r a t i n g  
f r e q u e n c y  combina t ions  ove r  t h e  t h r e e  RTR s i t e s  r a t h e r  t h a n  t h e  two remote t r a n s -  
m i t t e r  s i t e s .  
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75. RCAG SITE. The RCAG s i t e ,  t h e  pr imary communications o u t l e t  f o r  a n  ARTCC, i s  
a n  una t t ended  f a c i l i t y  t h a t  may be l o c a t e d  s e v e r a l  hundred m i l e s  from t h e  c o n t r o l -  
l i n g  ARTCC. VF s i g n a l i n g  equipment connec t s  t h e  ARTCC t o  t h e  RCAG t o  p rov ide  
p e r i p h e r a l  vhf /uhf  a-g communications. The RCAG s i t e  is a lmos t  i d e n t i c a l  t o  t h e  
RTR f a c i l i t y ,  e x c e p t  t h a t  main and s t andby  r e c e i v e r s  i n  a n  RTR may be connected i n  
m u l t i p l e  t o  a common a n t e n n a ,  whi le  r e c e i v e r s  i n  a n  RCAG a r e  t y p i c a l l y  connected t o  
an tennas  v i a  a c o a x i a l  s w i t c h i n g  r e l a y .  

7 6 .  RESERVED. 
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